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INTRODUCTION 
During the course of the great strides that have been 
made the last few decades in agricultural research, valuable 
information was obtained with applications to subjects and 
areas rather far removed from the immediate objective of 
agricultural research. Certainly, observations made on vita­
min deficiencies in farm animals were of importance in the 
search for, and identification of, these vitamins regardless 
of any special animal production need. The animal nutrition­
ist, therefore, has played an important role, not only in 
providing necessary information to the animal producer, but 
also in supplying the investigator in whatever area of re­
search with the background knowledge regarding the nutrition 
of the experimental animal which he must consider if his 
scientific efforts are to be fully effective. 
The avian species, although anatomically markedly dif­
ferent from that of higher mammals, has been found to be of 
great usefulness in nutrition research. In the area of vita­
min research, thiamine, vitamin K and vitamin Bj.2 were dis­
covered through the use of this species. All recognized 
vitamins, with the exception of vitamin C are dietary essen­
tials for poultry. Many of them function as integral parts 
of vital enzymes. A deficiency of a single vitamin in the 
diet results in the breakdown of the metabolic process in 
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which that particular vitamin is concerned. This causes a 
vitamin deficiency disease which decreases growth, production, 
reproduction and efficiency of feed utilization, and often 
produces characteristic gross or histopathologic^! symptoms. 
The need of chicks for vitamin has been conclusively 
demonstrated by several workers and specific requirements 
for this vitamin have been proposed on the basis of growth 
and feed efficiency responses of chicks fed different levels 
of this vitamin. . Most of this work was done at a time when 
other dietary requirements of chicks were not quantitatively 
well-defined and hence diets fed were considerably less ade­
quate than what is considered adequate today. Hence, the 
first two experiments were designed to estimate the vitamin 
B6 requirement of the chick, using weight gain, feed efficien­
cy, serum glutamic-oxalacetic transaminase activity, occur­
rence of gross clinical symptoms of deficiency and the exam­
ination of histological sections of the liver, gizzard and 
adrenal glands. Serum glutamic-oxalacetic transaminase ac­
tivity was used as a criterion since it is well known that 
one of the major functions of vitamin B^ is its involvement 
in enzymatic transamination in the biological system. Hence, 
the possibility of using serum glutamic-oxalacetic trans­
aminase activity as a measure of vitamin B^ nutrition in the 
chick was studied. Furthermore, the sensitivity and pre­
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cision of this criterion as a measure of vitamin nutrition 
was compared with that of growth. 
Differences between breeds in nutritional requirements 
have been reported in relation to a number of nutrients. 
Since published work on the vitamin B^ requirement as influ­
enced by breed differences is non-existant, Experiments III 
and IV were designed to study the influence of breed on the 
vitamin B^ requirement of the chick using Single Comb White 
Leghorn, Rhode Island Red and Vantress X Arbor Acre chicks. 
The criteria employed in those two experiments were the same 
as those previously stated for the first two experiments. 
Many phases of fat metabolism such as transport, de­
position and synthesis seem to be influenced by vitamin B6. 
A deficiency of this vitamin has been shown to cause elevated 
plasma cholesterol levels and changes in fat and cholesterol 
content of other tissues in several species. Such findings 
have even led some researchers to speculate on a definite 
role for vitamin B^ in the etiology of human atherosclerosis. 
The objective of Experiments V and VI was therefore to study 
the interrelationships of vitamin B^ to cholesterol metabolism 
in the chick. In Experiment V, the effects of vitamin B^, 
nicotinic acid and soybean oil on weight gains, feed efficiency 
and serum cholesterol were studied. In the same experiment, 
determinations were also made of aorta weight and cholesterol, 
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heart weight, total heart lipids and cholesterol, liver weight 
and total liver lipids and cholesterol. The effects of hypo-
and hypervitaminosis on the same criteria as those used 
in Experiment V, plus effects on serum glutamic-oxalacetic 
transaminase activity, were studied in Experiment VI. 
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Research workers are usually so busy 
piling brick on brick on the edifice 
of human knowledge that there is never 
time for them to stand back and survey 
what has been built and how it has 
been done. 
Nature, September 20, 1947 
REVIEW OF LITERATURE 
Historical Development 
The existence in foodstuffs of certain substances, 
later called vitamins, essential for the proper functioning 
of the animal organism was first recognized by Eijkman (1896) 
and Grijns (1901), two Dutch medical officers working in the 
Dutch East Indies. They suggested that beri-beri was not 
caused by a toxic principle or by infection, as had been 
supposed, but by a nutritional deficiency. This finding was 
a stepping stone in the history of nutrition that opened the 
new chapter of vitamin research. 
The unravelling of the vitamin B-complex has been a 
major part of"the rapid development of vitamin research. As 
in any historical process, the discovery of vitamin B^ has to 
be reconstructed in the light of knowledge available at the 
time of the discovery. The multiple nature of "vitamin B^" 
was first demonstrated by Emmett and Luros (1920) who found 
that the growth-promoting water-soluble vitamin B and the 
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antineuritic vitamin B were not equally susceptible to heat, 
the latter being more labile than the former. Six years 
later, Goldberger et al. (1926) stated that "investigators 
using the rat-growth test must hereafter recognize and take 
due account of at least two essentials--the antineuritic 
vitamin B and the pellagra-preventive factor." In the follow­
ing year, the British Accessory Food Factors Committee 
(Robinson, 1951, p. 10) recommended the adoption of vitamin 
B^ and vitamin B% as the names of these two factors, while 
the American Society of Biological Chemists adopted a differ­
ent nomenclature, reserving the name vitamin G to the anti-
pellagra factor. 
Thus by the end of 1932, only two separate components 
of the vitamin B-complex had been recognized as required: 
1) vitamin B^, the antineuritic factor and 2) vitamin B% 
(or vitamin G), the antipellagra factor. A third factor, 
called vitamin B^, was first suggested by Reader (1930) and 
later by Kinnersley et al_. (1933). The absence of this factor 
from the diet was associated with symptoms of nerve lesions, 
such as disturbances of coordination and ataxia. By that 
time, there had been claims in the literature of even more 
special factors. Williams and Waterman (1927) confirmed the 
multiple nature of vitamin B and presented evidence for the 
presence of a third unknown factor (B3) found to be required 
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by pigeons, but not by rats and to be present .in whole wheat. 
Chick and Copping (1930) reported the presence in yeast of a 
water-soluble dietary factor essential for the growth and nu­
trition of the rat in addition to vitamin and Vitamin 83. 
The factor was called "Factor Y" and was observed, on the 
basis of its high resistance to heat and alkali, to be dif­
ferent from those described by Williams and Waterman (1927) 
and Reader (1930), B3 and B4 respectively, which were described 
as being sensitive to these agents. Carter et_ al. (1930) re­
ported the need of pigeons for a heat and alkali stable fac­
tor whose deficiency caused unsatisfactory growth. This fac­
tor was referred to as vitamin B5. 
Gyorgy (1934) fed rats a vitamin B-free diet supplemented 
with a highly purified vitamin B^ preparation from yeast and 
with vitamin B^ in the form of lactoflavin. In a large num­
ber of animals, he observed pellagra-like changes in the skin. 
Gyorgy concluded that "rat-pellagra" was the result of a 
deficiency of a new member of the vitamin B-complex, which lie 
called vitamin B5. In a later study (Gyorgy, 1935) he found 
that lactoflavin had nothing to do with either the prevention 
or cure of "pellagra-like dermatitis" and that a deficiency 
of the supplementary factor (vitamin B6), invariably led to 
the appearance of skin lesions, even in the presence of lacto­
flavin. Gyorgy thus succeeded in separating vitamin B2, the 
antidermatitis factor, into two components--the real vitamin 
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B2 (riboflavin)and vitamin B^. 
Subsequently, Birch et_ <al. (1935) demonstrated that 
"rat pellagra" is not the analogue of human pellegra, but is 
a separate condition. These workers suggested that since 
vitamin B6 deficiency is most characteristically a disease of 
the extremities and the lesions are not truly "pellagra­
like", it would be more appropriate to call vitamin B^ the 
"rat acrodynia factor". 
The isolation of pure crystalline vitamin B^ was first 
reported by Lepkovsky (1938) only 4 years after its recogni­
tion as a member of the vitamin B-complex. This worker de­
scribed the crystalline material isolated and showed that 
dermatitis of the peripheral parts of the body of rats fed a 
deficient diet was promptly cured with a daily dose of 10 meg 
of crystalline factor 1 (vitamin B^). At about the same time, 
the isolation of this vitamin was reported by other workers 
(Keresztesy and Stevens, 1938; Gyorgy, 1938); a year later, 
Harris and Folkers (1939) accomplished a complete synthesis 
of vitamin B^ starting with ethoxyacetylacetone and cyano-
acetamide. They elucidated the structure as 2-methyl-S­
hy droxy -4 ,5-di-(hydroxymethy1)-pyridine. In accordance with 
the chemical nature of this vitamin, Gyorgy and Bchardt 
(1939) suggested the use of the term pyridoxine. 
Snell et al. (1942), as the result of the comparison of 
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microbiologic assays on extracts of natural materials with 
the values based on chemical and animal assay, were the first 
to recognize the existence of other forms of pyridoxine. 
They concluded that pyridoxine is converted by the animal 
organism to a metabolite of unknown nature which possesses 
much greater activity for Streptococcus lactis than does 
pyridoxine itself. In a later report, Snell (1942) found that 
synthetic pyridoxine was almost inactive as a growth factor 
for Streptococcus lactis R in a pyridoxine-free medium if heat 
sterilization is avoided. Autoclaving media which contain 
pyridoxine was found to greatly increase its activity for 
this organism. The same effect was achieved in varying de­
grees by autoclaving pyridoxine at neutrality with individual 
amino acids. This increased activity was assigned to the 
aminated product of pyridoxine called pyridoxamine. Through 
mild oxidation, pyridoxal, the formyl derivative of pyridoxine, 
was obtained. 
Pyridoxine, pyridoxal and pyridoxamine were compared by 
Snell and Rannefeld (1945) with respect to their growth-
promoting activity for seventeen different organisms. These 
workers demonstrated that for many microorganisms, the three 
forms show very different activities. Luckey ejt al^. (1945) 
conducted three experiments in which growth and survival data 
o f chicks indicated that pyridoxal is slightly more than half 
and pyridoxamine is about three-fourths as active as pyridox-
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ine. Sarma _et éil. (1946) compared the activity of these three 
forms for chicks and rats and found that when mixed in the 
ration, pyridoxamine and pyridoxal are less active than 
pyridoxine, but when given by dropper or injected intra-
peritoneally, they all possess equivalent activities. 
The terms pyridoxine and vitamin B$ are most commonly 
used today when referring to the vitamin. This interchange­
able usage is not completely justifiable since the American 
Institute of Nutrition (1949, p. 399) adopted "vitamin B^" 
as the group name to include the structurally related pyridine 
derivatives, pyridoxine, pyridoxal, and pyridoxamine. It was 
indicated that these specific names be used only when the 
corresponding chemical compound is meant. This recommendation 
specifically recognizes that the terms vitamin B^ and pyri­
doxine are not to be used synonymously. 
Metabolic Functions of Vitamin Bf, 
It is well established that symptoms of vitamin deficiency 
result from partial failure of one or more metabolic functions 
for which the missing vitamin is essential. The nutritional 
research worker should therefore consider what is known of 
the details of vitamin metabolic functions. Accordingly, a 
brief summary of the known enzymatic roles of vitamin B^ is 
presented. 
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The metabolically active forms of vitamin which have 
been found to participate in a large number of metabolic re­
actions are pyridoxal phosphate and pyridoxamine phosphate. 
The three forms of the vitamin, pyridoxal, pyridoxamine, and 
pyridoxine are all converted to pyridoxal phosphate, but the 
enzymatic pathway of these conversions in different organisms 
is not clear. Various possibilities have been presented by 
Snell (1958). 
Findings related to vitamin B6 functions began when Gale 
and Epps (1944) discovered an unidentified coenzyme required 
for decarboxylation of various amino acids by coliform or­
ganisms. Gunsalus et. aJL. (1944) identified this coenzyme as 
pyridoxal phosphate. They further indicated that the alco­
holic hydroxyl of pyridoxal (position 5) is the group phos-
phorylated. A number of decarboxylases containing pyridoxal 
phosphate have been discovered (Gale, 1946; Umbreit and 
Heneage, 1953). 
Snell and P.annefeld (1945) suggested a second functional 
role for vitamin . These workers observed that when pyri­
doxal is autoclaved with amino acids, it changed its activity 
in a manner best explained by assuming its conversion to 
pyridoxamine. This was later confirmed by Metzler and Snell 
(1952) who studied non-enzymatic transamination reactions. 
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They showed that the transformation occurred via a fully re­
versible transamination with any of a variety of amino acids. 
Cammatra and Cohen (1950) studied the scope of the transamina­
tion reaction in animal tissues. They found that transaminases 
for 22 (X-amino acids of the L-series contain pyridoxal phos­
phate. These include all the L-amino acids commonly found in 
proteins. Transamination reactions involving reactants other 
than (X-amino or 0(-ket6 acids and requiring pyridoxal phos­
phate have also been reported. Meister (1954) observed trans­
amination between ornithine and <?(-ketoglutarate yielding 
glutamate and glutamic-X-semialdehyde. Here, the J-amino 
group rather than the 0(-amino group transaminates. The 
transamination reaction between glutamic acid and imidazole 
acetol phosphate to yield histidinol phosphate and oC-keto-
glutaric acid is another example (Ames, 1957). The wide 
scope of transamination reactions gives them a unique role in 
intermediary metabolism of amino acids. 
Pyridoxal phosphate has been implicated in various de­
hydration and desulfhydration reactions. Reissig (1952) 
studied serine and threonine deaminase activities of Neuro-
spora crassa. The degradation of L-serine to pyruvate and am­
monia, and L-threonine to (X-ketobutyrate and ammonia was 
found to involve deaminases containing pyridoxal phosphate. 
Metzler and Snell (1952) presented dataiwhich show that 
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Escherichia coli contains a D-serine dehydrase which is acti­
vated by pyridoxal phosphate. Kallio (1951) showed that the 
desulfhydrase system metabolizing homocysteine to cK-keto-
glutarate, ammonia and hydrogen sulfide is activated by pyri­
doxal phosphate. 
Wood and Gunsalus (1952) demonstrated that D-àlanine is 
formed from L-alanine through an enzymatic reaction requiring 
pyridoxal phosphate. Evidence for the role of pyridoxal phos­
phate in glutamic acid racemization was presented by Narrod 
and Wood (1952). Addition of pyridoxal phosphate to a cell 
preparation of Lactobacillus arabinosus stimulated the rate 
of glutamate racemization threefold. 
Umbreit et_ jil. (1946) reported that the enzyme system 
which converts indole and serine into tryptophan contains 
pyridoxal phosphate. Tryptophanase, an enzyme which catalyzes 
the breakdown of tryptophan to indole, pyruvic acid and am­
monia, has been shown by Wood e_t al. (1947) to require pyri­
doxal phosphate as the coenzyme. 
The conversion of Kynurenine to alanine and anthranilic 
acid has been shown by Hayashi and Stanier (1952) to require 
pyridoxal phosphate. Binkley and Christensen (1952) showed 
that cystathionase, an enzyme which catalyzes the breakdown 
of cystathionine to cysteine, ammonia and o(-ketobutyrate, 
contains pyridoxal phosphate. 
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Davison (1956) suggested the involvement of pyridoxal 
phosphate as coenzyme for enzymes catalyzing amine oxidation 
reactions. Mammalian tissues contain an enzyme system called 
histaminase (diamine oxidase) which oxidizes histamine. 
Pyridoxal phosphate was shown by the above worker to be a 
coenzyme for diamine oxidase of swine kidney. 
Blakley (1955) demonstrated that pyridoxal phosphate is 
required in the enzymic interconversion of serine and glycine. 
This illustrates a role of this coenzyme in aldol type reac­
tions such as the one cited in which serine aldolase is involved, 
Pyridoxal phosphate has been implicated in phosphorolysis 
of glycogen by phosphorylase. Cori and Illingworth (1957) showed 
that muscle phosphorylase a and b contain stoichiometric 
amounts of firmly bound pyridoxal phosphate. The role of this 
coenzyme in the catalytic action of muscle phosphorylase has 
not been elucidated. 
Anemia has been described as one of the symptoms of 
vitamin deficiency in many of the species studied. Schulman 
and Richert (1955) showed that heme is synthesized in the red 
cells of vitamin B^-deficient ducklings from glycine 2-C^ 
at a rate which is half of that found with control ducklings. 
Addition of pyridoxal phosphate in vitro restored the ability 
of the deficient cells to synthesize heme at a normal rate. 
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The same workers (1956) observed that heme synthesis from S-
aminolevulinic acid-2,.3-C14 proceeded at the same rate in 
B^-deficient and normal ducklings. They concluded that pyri­
doxine deficiency exerted its effect on heme synthesis in the 
utilization of glycine and succinate for the formation of 
cf-aminolevulinic acid. Richert and Schulman (1959) reported 
that the rates of incorporation of glycine-2-C"^ and of delta-
aminolevulinic acid -2,2-C"*"4 into heme in vitro by erythrocytes 
of young ducklings increased in a straight line relationship 
with reticulocyte count when the isotope incorporation was 
plotted against reticulocyte count. The incorporation of 
radioactive glycine and ^-aminolevulinic acid into heme was 
decreased in vitamin B^ deficiency. Glycine uptake was de­
creased more than J-aminolevulinic acid uptake. 
There seems to be considerable evidence that vitamin B& 
is involved in lipid metabolism, and particularly in the 
metabolism of cholesterol and the essential fatty acids 
(Witten and Holman, 1952; Shah et. al., I960). Since this 
particular interrelationship will be treated in a later sec­
tion, it will not be discussed here. 
In summary, pyridoxal phosphate is now recognized as the 
coenzyme for a great variety of enzymes involved in catalyzing 
various metabolic transformations. These include decarboxy­
lation of amino acids, transamination between amino acids and 
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keto acids, racemization of amino acids, dehydration of hy-
• droxyamino acids, desulfhydration of sulfur amino acids, 
tryptophan synthesis and breakdown, cleavage reactions (Kynur-
eninase), aldol type reactions (serine aldolase), anhydride 
condensation reactions (heme synthesis), amine oxidation 
(diamine oxidase), and phosphorolysis of glycogen by phosphory­
lase. It is observed that all of the pyridoxal phosphate-
dependent reactions listed above are reactions of amino groups 
with the exception of the last one for which the details have 
not been worked out. 
Vitamin B6 Deficiency Symptoms 
General 
A variety of vitamin deficiency symptoms have been 
reported in various species since Gyorgy (1934) described 
"rat acrodynia". The name was given to a condition of severe 
cutaneous lesions developing in young rats kept on a semi­
synthetic diet with added vitamin B^ and riboflavin. The 
lesions were characterized by edema, redness, scaliness of 
the paws, snout, nose and ears. Antopol and Unna (1939) 
investigated the histopathology and histogenesis of the changes 
effected by synthetic vitamin B6. Characteristic dermatitis 
was evident after 6 to 9 weeks in rats placed on the deficient 
diet at 21 days of age. Severe symptoms of denuded paws, 
edematous and moist, thickened and scaly ears and swollen 
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snout were prominent after about 72 to 86 days on the experi­
mental diet. After feeding animals a single dose of 100 meg 
of synthetic vitamin B^, healing of the skin lesions occurred 
and was histologically discernible 24 to 48 hours after feed­
ing. 
The clinical picture of vitamin B6 deficiency changed 
according to the species studied, as well as to the age of 
the animals and to different dietary conditions. It was early 
recognized that in young animals vitamin B^ deficiency may be 
manifested by epileptiform convulsions. Chick et al. (1940) 
observed fits of an epileptiform nature in rats maintained for 
4 to 5 months on a purified diet deficient in vitamin B^. 
These attacks were prevented and cured by administration of 
10 to 15 meg of pure vitamin B^ per day per rat. The same 
workers had observed earlier (1938) the same clinical condi­
tion in young pigs fed semi-synthetic diets. Wintrobe et_ al. 
(1942) confirmed the finding of the previous workers and 
described degenerative changes in the peripheral nerves, the 
posterior root ganglia, and the posterior funiculi of the 
spinal cord, in young pigs raised on a vitamin B^ deficient 
semi-synthetic diet. 
Puppies raised on purified casein diets deficient in 
vitamin B^ developed involuntary twitching of the muscles and 
occasionally exhibited generalized convulsions (Fouts et al., 
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1938). Pyridoxine deficiency in both dogs and rats was shown 
by Gantt e_t £l. (1959) to cause a loss of conditional reflex 
performance which appeared 4 to 10 days before any other 
neurologic symptom. The conditional reflex returned when the 
diet was changed to contain an adequate level of pyridoxine. 
Bhandari (1959) studied cases of convulsions in children in 
which vitamin deficiency was detected. A daily dose of 
5 to 10 mg of vitamin B^ per day was sufficient to keep those 
children seizure-free. 
Recently, McIChan e_t _al. (1961) produced pyridoxine de­
ficiency in weanling kittens and deficient animals showed 
failure to gain weight, ataxia and seizures followed by death. 
In vitro study of isolated cerebral cortex slices from the de­
ficient animals showed decreased formation of ^-aminobutyric 
acid and decreased oxygen uptake when glucose was the substrate. 
Addition of pyridoxal phosphate to the incubation media cor­
rected both "of these defects toward the levels found in normal 
littermate controls. It was suggested that in pyridoxine de­
ficiency, cerebral oxidative metabolism is impaired by block­
age of the -aminobutyric acid "shunt" pathway at the glutamic 
decarboxylase step. 
Another manifestation of vitamin Bg deficiency is the 
development of a microcytic anemia in various animals. Chick 
et al. (1938) were among the first to describe this anemia in 
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pigs reared on a semi-synthetic, vitamin B^-deficient diet. 
Adult dogs as well as puppies were shown to develop microcytic 
hypochromic anemia when fed a synthetic diet deficient in 
vitamin B^ (Pouts ert aJL., 1940). Following oral or intravenous 
administration of vitamin B$, there was an increase in red 
blood cells and hemoglobin. Kornberg et al. (1945) also sug­
gested the importance of pyridoxine in erythropoiesis. Moder­
ately severe anemia was found to occur occasionally in pyri­
doxine -deficient rats by these workers. 
Several other manifestations of vitamin deficiency 
have been described. Axel rod ejt jal. (1961) showed that pyri­
doxine deficiency produced by feeding a highly purified diet 
lacking pyridoxine to very young guinea pigs or administering 
deoxypyridoxine to mature guinea pigs also receiving the pyri­
doxine -deficient diet, depressed both the circulating antibody 
formation and the degree of the skin hypersensitivity reaction 
to diphteria toxoid. 
The relationship of vitamin B^ to adrenocortical function 
in the rat was studied by Essenstein (1959). It was found 
that vitamin B^ deficiency did not decrease adrenocortical 
hormone secretion, but it did cause adrenal hypertrophy. 
Seronde (I960) reported that rats receiving a pyridoxine-
deficient diet at weaning survived about two months, then died, 
showing cardiac and renal hypertrophy, myocardial lesions, 
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cardiac dilatation, atrial thrombi and hydrothorax in a sig­
nificant number of cases. 
The increased excretion of xanthurenic acid by rats fed 
a vitamin B^-deficient diet was first reported by Lepkovsky 
et al. (1943). When casein was replaced with Zein and gelatin, 
a protein mixture very low in tryptophan, in a pyridoxine-defi-
/ 
cient diet, xanthurenic acid disappeared from the rat ufine 
in from 6 to 12 hours. Feeding tryptophan caused the reap­
pearance of xanthurenic acid in the urine within 6 to 12 hours. 
Feeding 20 meg of pyridoxine daily to each rat immediately 
caused disappearance of xanthurenic acid from the rat urine. 
This finding was the first to implicate pyridoxine in trypto­
phan metabolism. It seems, however, that the metabolism of 
tryptophan may not follow the same pathway in all animals. 
While pyridoxine deficient rats (Lepkovsky £t aJL., 1943) 
and syrian hamsters (Schwartzman and Strauss, 1949) excrete 
an abundance of xanthurenic acid in their urine, pyridoxine-
deficient dogs excrete very little. Attempts to demonstrate 
xanthurenic acid in the droppings of severely deficient ducks 
were unsuccessful (Hegsted and Rao, 1945). 
Recently, Cheslock and McCully (1960) studied the re­
sponse of eight college students to a low vitamin diet fed 
for 52 days. Blood content of vitamin B^ dropped to zero 
within four weeks. Xanthurenic acid excretion, after a test 
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dose of tryptophan, increased to greater than 30 mg per day 
for five of the subjects studied. 
Deficiency symptoms in poultry 
Symptoms of vitamin deficiency in chicks were first 
described by Jukes (1939) and consisted of slow growth, de­
pressed appetite, and inefficient utilization of food, followed 
in some cases by spasmodic convulsions and death. Jukes pointed 
out that nervous symptoms consisting of various convulsive 
movements were observed in 50 percent of the birds receiving 
the vitamin B^-deficient diet. These symptoms were later con­
firmed by several workers (Lepkovsky and Kratzer, 1942; Fuller 
and Kifer, 1959). 
Hegsted e_t al. (1940) demonstrated the essential nature 
of vitamin B, in the nutrition of the chick, but the only de-
o 
ficiency symptoms noted by those workers were lack of growth 
and extreme weakness. It is interesting to note that severe 
gizzard erosions were reported on some of the basal diets used, 
but the authors did not specifically indicate any diet. Fur­
thermore, no data on gizzard erosion incidence was presented. 
Luckey et al. (1945), in a study of the activity of pyri­
doxine derivatives in chick nutrition, indicated that vitamin 
B, deficiency symptoms in chicks include a decreased clotting 
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time, small spleens and anemia. 
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In a study on the vitamin B^ requirement of laying and 
breeding hens, Cravens <et al. (1946) observed that feeding a 
diet deficient in vitamin to Single Comb White Leghorn hens 
resulted in anorexia, rapid drop in body weight, and decreased 
egg production and hatchability. No convulsions were observed 
in these birds. 
Vitamin deficiency in Bronze turkey poults was studied 
by Bird et_ aJL. (1943). These workers concluded that the de­
ficiency in turkeys is characterized by loss of appetite, poor 
growth, apathy, hyperexcitability when disturbed, convulsions 
and death. Convulsions observed resembled those reported for 
the chick. 
Hegsted and Rao (1945) conducted several studies on 
vitamin deficiency in the duck. Severe acute deficiency 
in young ducklings was characterized by growth failure ac­
companied by severe anemia. Neither convulsions nor paralysis 
were observed. Chronic vitamin deficiency in older duck­
lings caused lack of growth, paralysis, convulsions, severe 
microcytic anemia and poor feather development. The remarkable 
speed with which the duck develops vitamin deficiencies was 
pointed out by these authors. Differences in rate of gain were 
evident 3 to 4 days after day-old ducklings were given the de­
ficient ration. 
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Tissue Transaminases and Vitamin B5 
The importance of enzymatic transamination in the bio­
logical system and its implication in amino acid metabolism 
has become quite evident in recent years. Ames e_t al. (1947) 
were among the first to study tissue transaminase activity in 
relation to vitamin deficiency. They observed that heart 
and kidney tissues of albino rats maintained on a vitamin B^-
deficient ration exhibited about 40 percent of the transaminase 
activity of similar tissues from animals receiving adequate 
vitamin B^. The changes in transaminase activity were found 
to parallel the changes in growth when vitamin B^ was withheld 
or returned to the diet. Similar results were later observed 
by Schwartzman and Hift (1951) in studying transamination in 
normal and B^-deficient hamsters. These workers also pointed 
out that the transamination rate of heart muscle of B^-deficient 
hamsters was 30 to 40 percent lower than that of control ad 
libitum-fed or pair-fed animals. 
Activity of aspartic-glutamic and alanine-glutamic trans­
aminases in rat liver was investigated by Caldwell ejt al. 
(1953) with different amounts of casein in the diet, and in 
the presence and absence of dietary pyridoxine. A decrease 
in the activity of these transaminases was noted in vitamin B^ 
deficiency. Their activities varied with the protein content 
of the diet, and were elevated when caloric intake was re­
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stricted, provided that dietary pyridoxine was available. A 
sex difference was frequently observed in both transaminases, 
the male level being higher. 
The relationship between pyridoxine ingestion and glu-
tamic-aspartic transaminase activity was studied by March et_ 
al. (1955). In both monkeys and man, increasing the intake 
of pyridoxine resulted in significant increases in the blood 
level of the transaminase and of the vitamin B,. Reductions 
in the pyridoxine intake were followed by a lowering of the 
blood concentration of both factors. Sass and Murphy (1958) 
investigated the effect of both isonicotinic acid hydrazide 
(used for the treatment of tuberculosis) and vitamin B$ on 
glutamic-oxalacetic transaminase levels in whole blood of 
human patients. A significant drop in transaminase activity 
occurred after six to eleven weeks of isonicotinic acid hy­
drazide treatment. This change in transaminase activity was 
reversed by the administration of 25 mg of pyridoxine per day 
but not by a group of other vitamins. It was suggested that 
blood glutamic-oxalacetic transaminase activity may reflect 
the level of pyridoxine intake even before tryptophan metabolism 
becomes markedly abnormal. 
The activities of the alanine and the aspartic enzymes 
have been shown by Brin and Tai (1958) to be reduced markedly 
in the serum of rats fed a diet low in vitamin B^. The sensi­
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tivity of the serum transaminases to pyridoxine deficiency 
was demonstrated by these workers with a view toward the use 
of these enzymes in the evaluation of nutritional status. 
Babcock (1959) demonstrated with rats that a severe deficiency 
of vitamin could be detected readily by measuring the in­
crease in serum glutamic-oxalacetic transaminase after feeding 
the vitamin. The sensitivity of this measure of vitamin B& 
nutrition was compared by Babcock et. (I960) with that of 
the tryptophan load test which is frequently used as a measure 
of vitamin B6 nutrition. With both rats and human subjects 
it was shown that serum glutamic-oxalacetic transaminase ac­
tivity reflects the severity of a vitamin B^ deficiency. An 
increase in the enzyme activity followed the administration 
of vitamin B^ which indicates that the vitamin B^ supply had 
been inadequate for optimum protein metabolism. This method 
was found, however, to be less sensitive than the change in 
xanthurenic acid excretion (tryptophan load test) after ad­
ministration of vitamin B&-
Brin et_ al. (I960) studied the relative effects of vita­
min B^ deficiency on two plasma transaminases in the growing 
and in the adult rat. In young rats fed vitamin B^-deficient 
diets for 2 to 4 weeks, the alanine enzyme was depressed more 
markedly (85%) than the aspartic enzyme (63%). In adult rats, 
the alanine enzyme was also more markedly depressed (60%) than 
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the aspartic enzyme (22%). However, the total effect was not 
as great as in the younger animals. 
In a study of the activity of different enzymes in tumor 
and normal mouse tissue, Dietrich and Shapiro (1955) observed 
that the administration of pyridoxine half an hour prior to 
the administration of deoxypyridoxine protected glutamic-
aspartic transaminase from deoxypyridoxine inhibition. It is 
of interest to note that in vivo administration of testosterone 
appeared to augment the antagonism of deoxypyridoxine. It 
was pointed out by the authors that the action of testosterone 
seems to be directly related to vitamin metabolism, since 
the observed effects are prevented by the administration of 
pyridoxine. 
It is observed from the preceeding discussion that numer­
ous reports are available concerning the relationship of vita­
min B to transaminase activity of mammalian tissue. Little , 
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information is available, however, on the relationship of this 
vitamin to transaminase activity of avian tissue. Brin and 
Olson (1951) studied the effect of vitamin B^ deficiency on 
transaminase activity of cardiac muscle in ducklings. It was 
found that the activity of the glutamic-aspartate system was 
depressed 30 percent and that of the glutamic-alanine system 
4 5 percent below normal. Restoration of activity to near 
normal was achieved by parenteral treatment of the ducks 16 
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hours prior to sacrifice with 10 mg of either pyridoxine, 
pyridoxamine, or pyridoxal or by supplementation of the homo-
genates in vitro with 10 meg pyridoxal phosphate. 
Goswami and Robbiee (1958) studied aspartic-glutamic 
transaminase activity in total blood, heart and liver of 
Single Comb White Leghorn chicks from 0 to 35 days of age. In 
the group receiving the pyridoxine-deficient ration, the levels 
of activity in heart, liver and blood at three weeks of age 
were approximately 40, 53, and 50 percent respectively of 
those observed in day-old chicks. In the groups of chicks fed 
supplemental pyridoxine, the transaminase activity in the heart 
and liver remained relatively constant to five weeks of age. 
The enzyme concentration in the blood declined to a level ap­
proximately two-thirds of that found in day-old chicks. Feed­
ing pyridoxine at the level in excess of the chick's require­
ment did not result in any increase in enzyme activity over 
that of chicks receiving the requirement level. 
Gizzard Erosion Complex 
The literature on gizzard erosion in poultry is quite 
extensive and goes back to 1931 when it was first described by 
McFarlane e_t al. (1931) in chicks fed simplified diets. Only 
selected references will be cited here since an extensive re­
view of the gizzard erosion complex is beyond the scope of 
this work. 
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Dam and Schonheyder (1934) observed changes in the mucous 
membrane of the gizzards of chicks fed artificial diets with 
starch as the source of carbohydrate. The changes were de­
scribed as brown-colored areas where the lining was irregu­
larly granulated and small lesions projecting from the surface 
along with ulcerated areas. Microscopic examination of the 
affected areas revealed dilatation of the glands without 
hemorrhages. 
Ever since it was first observed^ several suggestions have 
been made that gizzard erosion is the result of one or more 
nutritional deficiencies. Dam (1935) observed the condition 
in young chicks fed a diet deficient in vitamin K which caused 
hemorrhages under the skin and in the various tissues of the 
body. Almquist (1938) reported a curative effect due to bile 
acids. Later (Almquist and Mecchi, 1938), it was stipulated 
that cholic acid was the factor in bile which was effective 
as an anti-gizzard erosion supplement. The curative effect 
of cholic acid appeared to involve its combination with the 
gizzard lining. Cholic acid content of the lining was also 
found to be low in eroded gizzards. Bird ejt al. (1938) re­
ported a beneficial effect as a result of feeding chondroitin 
sulfuric acid. They indicated that animal tissues which were 
effective in preventing the lesions owe their potency to their 
chondroitin content. 
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Blount (1939) made several extensive studies on gizzard 
erosion in poultry in which he observed several pathological 
changes some of which were roughening and pigmentation of the 
horny layer, exfoliation, areas of necrosis of the horny layer, 
ulceration, ulceration of the secretory layer and hemorrhages 
within or below the horny layer. He presented an extensive 
literature review plus a description of the gizzard in health 
as described by various anatomists. Although he made extensive 
observations on the problem, his chick experiments were quite 
limited. He indicated that the factor concerned appeared 
necessary for the healthy functioning of the tubular glands 
in the tunica propria of the gizzard. If deficient, the horny 
secretion became disorganized, with or without hemorrhages in 
its substance. This author concluded that "although some 
cases of erosion may be associated with mechanical causes and 
others related to fungus infections of the crop, the vast 
majority are due solely to an absence or inhibition of the 
specific erosion preventive factor." 
Results of histological studies along with gross observa­
tions made on chicks from a few hours to a few weeks old were 
reported by Lansing e_t al. (1939). Microscopic examination of 
abnormal gizzards revealed infiltration of blood cells from 
submucosal capillaries into the glandular layer and subsequent 
mixing of the blood cells with the secretion which eventually 
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solidifies and becomes the gizzard lining. Anaplasia of the 
epithelial cells of the glands were observed with reduction 
in quantity of cytoplasm in those cells near the bases of the 
crypts. It was concluded by those workers that hemorrhages 
from the glandular layer, but originating from the capillaries 
in the submucosa, are the immediate cause of gizzard erosion. 
Almquist and Mecchi (1941) reported a study on the in­
fluence of bile acids and synthetic vitamin K on gizzard ero­
sions. They found that cholic acid had a strong preventive 
action when fed at 0.5 percent of the diet. Vitamin K had no 
effect in reducing gizzard erosion. The authors concluded 
that the presence of bile pigment and of cholic acid coming 
in periodic direct contact with the lining serves naturally 
to aid in maintaining the lining in sound condition. 
Other nutritional factors have been implicated in the 
gizzard erosion complex. Mushett and Ott (1949) fed chicks a 
ration containing 70 percent soybean meal and all recognized 
nutrients including crystalline vitamin B^. The addition of 
vitamin B^2 caused a striking decrease in incidence and sever­
ity of gizzard erosion. A level of 2.5 meg vitamin B12 per 
kilogram of ration almost completely prevented the gizzard 
disorder in chicks from hens fed a commercial breeder ration, 
while 10 meg were required for a similar effect in chicks from 
hens fed an all-vegetable ration. 
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Sherwood and Sloan (1954) studied the effect of vitamin 
B12» choline and methionine on gizzard erosion in Broad Breast­
ed Bronze poults. Vitamin B12 did not have a consistent ef­
fect on gizzard erosion, but choline reduced gizzard erosion 
when added to the ration and also produced relatively smaller 
gizzards. 
Rate of growth as a factor in the incidence of gizzard 
erosion in chicks was studied by Halman (1942). Differences 
in growth rate were obtained by varying the protein content 
» 
of the ration. Incidence of gizzard erosion was increased 
with an increase in growth rate. The authors suggested that 
the diet promoting fast growth was not adequate in vitamin K 
and hence it placed the actively growing cell tissues in a 
position in which the vitamin K supply was reduced below normal 
requirements. This explanation was offered, however, on the 
assumption that gizzard erosion was primarily caused by vitamin 
K deficiency. 
No conclusive report has been found in the literature im­
plicating vitamin B6 deficiency in gizzard erosion. Bird et 
al. (1936a) in studying vitamin B4, however, reported charac­
teristic lesions in the gizzard lining. They also reported 
(Bird et a^., 1936b) that the anti-gizzard erosion factor was 
distinct from the antihemorrhagic factor. It was found to be 
abundant in pork lung, liver and kidney, to a lesser extent 
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in oats, wheat, wheat bran or middlings, and corn. Its heat 
stability varied with the source. 
Hegsted et al. (1940) in studying the essential nature 
of vitamin for chicks reported severe gizzard erosions in 
chicks fed some of the basal diets used. However, the authors 
did not specifically indicate which of the basal diets caused 
the erosion, and furthermore failed to present any data on in­
cidence of gizzard erosion. They confirmed earlier work that 
cartilage is a potent source of the preventative factor. 
Vitamin B$ Requirements of Poultry 
Each species has its own particular vitamin-requirement 
spectrum. The dietary vitamin-requirement spectrum for the 
chick ranges from the obvious, such as its dietary dependence 
for vitamin A, to the less defined need for nutrients such as 
ascorbic acid. Apparently, the chick is able to satisfy his 
requirement for this nutrient through gastrointestinal syn­
thesis. Several species of animals possess an ability to 
synthesize certain vitamins in varying amounts. The chick can 
synthesize a certain amount of vitamin B^, but not enough to 
meet his total requirement for that vitamin. Hence, it has 
been established that the chick has a specific dietary require­
ment for vitamin B$. 
Investigations on the essential nature of vitamin B^ for 
the chick were started soon after the isolation of this vitamin 
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in crystalline form. Carter and O'Brien (1939) were among 
the first to demonstrate that vitamin B^ is an essential 
dietary factor for both the chick and the pigeon. When they 
fed chicks a synthetic basal diet supplemented with 20 meg 
of pyridoxine per chick, all died in 28 days and most of them 
had developed dermatitis. If the diet was supplemented with 
a liver filtrate, there was no dermatitis, but the rate of 
gain was inferior. Adding both pyridoxine and liver filtrate 
resulted in no dermatitis, longer survival period and larger 
weight gains. 
Hegsted e_t al. (1939) confirmed the essential nature of 
vitamin B^ for chicks using a basal diet somewhat more com­
plete than the one used by the above workers. A year later, 
the same workers (Hegsted ejt al., 1940) tested the growth re­
sponse of chicks fed 30 meg of B^ per chick per day in com­
parison with a yeast fraction, and obtained equal weights. 
This finding further confirmed their previous work demon­
strating the dietary need of the chick for vitamin B . 
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Stockstad et al. (1940) conducted experiments with crystal­
line vitamin B^ using a basal diet shown to be deficient in 
this vitamin. They observed that increasing the level of 
vitamin B6 above 250 meg per 100 g of feed produced no in­
crease in growth. The amount of vitamin B$ required by baby 
chicks to sustain maximum rate of growth was reported by Hogan 
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et al. (1941) to be over 300 and less than 500 meg per 100 g 
of feed. These workers used both Single Comb White Leghorn 
and White Rock chicks in their studies, which were actually 
designed for the investigation of anemia and perosis in chicks. 
The first report on the actual requirement of the chick 
for vitamin B„ was presented by Briggs et al. (1942). These 
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workers were the first to determine the requirement by adding 
various levels of this vitamin to a purified ration of known 
vitamin content. They concluded that the young chick re­
quires 275 to 300 meg of vitamin B^ (crystalline pyridoxine 
hydrochloride) per 100 g of feed. Lucas e_t al. (1946) ob­
served a high pyridoxine requirement in chicks fed both prac­
tical and semi-purified diets. Since the chicks used in their 
experiments were Rhode Island Red X Barred Plymouth Rock 
crosses, they suggested that the unexpected high requirement 
for this vitamin was due to genetic factors. The possibility 
that the basal diets used may have been a contributing factor 
was not eliminated. It was therefore suggested by these 
workers that experiments dealing with requirements should in­
clude several rather than one breed, and several basal dietary 
conditions. 
Fuller and Field (1958) reported that the vitamin B6 
requirement of broiler chicks is between 1 and 2 mg per pound 
of ration with maximum growth response at 1.5 mg per pound. 
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Growth rate was not increased by vitamin supplementation 
of a corn-soy basal diet whose vitamin content was found by 
microbiological assay to be approximately 2.5 mg per pound. 
A year later, Fuller and Kifer (1959) showed that in both 
battery brooders and floor pens, chicks receiving supplemental 
vitamin B^ in corn-soy type rations attained slightly heavier 
weights than those receiving the unsupplemented diets. With 
a purified diet, 1.5 mg of vitamin B6 per pound of ration 
gave maximum growth and feed efficiency. 
Fuller and Dunahoo (1959) studied the effect of various 
drug additions on the vitamin B6 requirement of chicks. 
Nitrofurazone- furazolidone and arsanilic acid, separately 
and in all combinations, depressed growth in vitamin B^-
deficient chicks. Added vitamin b6 overcame the growth de­
pressing effects of furazolidone and arsanilic acid but not 
that of nitrofurazone. They also confirmed the above mentioned 
report that 1.5 mg of vitamin B^ per pound of ration appears 
to be the requirement for maximum growth and feed efficiency. 
The essential nature of vitamin B^ for egg production, 
hatchability and maintenance of body weight in mature fowl was 
first reported by Cravens ejt al. (1943). The results show 
that vitamin B6 is essential for normal reproduction in Single 
Comb White Leghorn pullets. Hatchability dropped from 80 to 
0 percent in seven weeks, while egg production ceased by the 
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eighth week. Although four different levels of vitamin B$ 
were tested, the work was very limited to definitely establish 
a requirement. In a later paper, the same workers (Cravens 
et al.., 1946) reported the results of an experiment designed 
to determine the vitamin requirements of laying and breeding 
hens. It was concluded that the requirement of Single Comb 
White Leghorn laying and breeding hens for this vitamin is 
approximately 2.0 mg per kilogram of ration. 
Recently, Fuller et al- (1961) conducted two experiments 
on the vitamin Bg requirement of breeder hens. Using a puri­
fied soy protein-cerelose diet of known vitamin B^ content 
supplemented with pyridoxine hydrochloride at various levels, 
the minimum requirement for egg production in Single Comb 
White Leghorns was shown to be approximately 2.3 mg and for 
hatchability 4.3 mg per kilogram of diet. In one trial, sup­
plementing a corn-soy type diet containing an estimated 5 mg 
per kilogram with pyridoxine hydrochloride did not improve egg 
production or hatchability. The vitamin B^ content of eggs 
was directly related to the level in the diet up to 3 mg 
added pyridoxine per kilogram beyond which no increase oc­
curred. At this dietary level eggs contained approximately 5 
meg of vitamin B5 pet "gram. 
Monson and Krengel (1961) reported the results of an 
experiment in which 1.5 mg of pyridoxine hydrochloride per 
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pound of ration were added to an all vegetable breeder diet 
containing 1.91 mg pyridoxine hydrochloride per pound. The 
breeders did not respond to the addition of pyridoxine hy­
drochloride during a 336 day test period. Improvements in 
feed efficiency were obtained with chicks from supplemented 
dams and chicks from unsupplemented dams showed improved feed 
efficiency with increasing pyridoxine hydrochloride levels. 
It is apparent that further studies are needed to determine more 
precisely the vitamin requirements of laying and breeding 
hens and the effect of this vitamin on embryonic development. 
The comparative vitamin B& requirements of chicks and 
turkey poults were studied by Kratzer e_t al. (1947). Chicks 
and poults were fed similar diets containing six different 
levels of pyridoxine and were kept on the experimental diets 
for three weeks, after being on a stock mash for the first 
week. It was concluded by these workers that chicks and 
poults require 200 and 300 meg of pyridoxine per 100 g of feed 
respectively for optimum rate of growth. 
Hegsted and Rao (1945), in studies on pyridoxine de­
ficiency with ducks, reported that the requirement of young 
ducklings is approximately 250 meg per 100 g of ration. It 
was observed by these workers that the duck is remarkable in 
the speed with which it develops vitamin deficiencies. Dif­
ferences in rate of gain were evident within 3 or 4 days after 
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day-old ducklings were given the deficient diet. 
Vitamin Bfc Requirement as Influenced 
by Breed Differences 
The dietary requirement as affected by breed differences 
in poultry has not been investigated extensively. There is 
some evidence in the literature, however, that genetic factors 
may affect nutritive requirements in general. The first re­
port in the literature was presented by Payne et al. (1932) 
who indicated that Rhode Island Reds were much more suscepti­
ble to perosis than were White Leghorns. Since work on the 
vitamin B^ requirement as influenced by breed differences is 
practically non existent, this short discussion will include 
references on the requirements of the B-vitamins in general 
as affected by breed differences. 
Lamoreux and Hutt (1939) reported a breed difference in 
the thiamine requirement of growing chicks, stating that 
heavy breeds had a higher requirement than did the Leghorn. 
This conclusion was based on the finding that the ability of 
chicks to survive on a t hi amine-de fic ien t diet was greatest 
in White Leghorns, next in Rhode Island Reds, and least in 
Barred Plymouth Rocks. Several workers have observed since 
then that the Leghorn breed is able to deposit more thiamine 
in the egg than the heavier breeds (Scrimshaw et al., 1945; 
Mayfield et al., 1955; Howes and Hutt, 1956). 
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Recently, however, Thornton and Shutze (1960) showed 
that the percent mortality as well as a shorter survival time 
was more evident in Leghorns than in New Hampshire X Delaware 
cross chicks given thiamine-deficient diets. Percent mortal­
ity and polyneuritic incidence was more affected by the ab­
sence of thiamine in Leghorns than in New Hampshire X Delaware 
cross chicks (Thornton, 1960). The level of supplemental 
thiamine required to prevent death and promote maximal growth 
was shown by this worker to be greater in the Leghorns. 
Heuser (1938) summarized a great deal of the early work 
on dietary requirements as influenced by breed differences 
and discussed material which indicated differences among 
families of White Leghorns with respect to hatchability when 
hens were maintained on rations low in riboflavin. A similar 
difference was observed in hatchability when contrasting White 
Leghorns and Rhode Island Reds. Although the riboflavin re­
quirement of White Leghorns up to five weeks of age is satis­
fied by 300 to 325 meg per 100 g of feed, Heuser e_t al., (1938), 
Culton and Bird (1940) reported a 15 to 20 percent incidence 
of curled-toe paralysis in Barred Rock X New Hampshire cross-
breds raised on diets containing as high as 590 meg of ribo­
flavin per 100 g of feed. 
Not all reports are in agreement on breed differences in 
riboflavin requirement. Bethke and Record (1942) observed no 
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significant differences in the riboflavin requirement per unit 
of feed for maximum growth or the prevention of curled-toe 
paralysis between White Leghorn and Barred Rock X New Hamp­
shire crossbred chicks. 
Buss et al. (1959) conducted several investigations con­
cerning the autosomal recessive gene that prevents hatch-
ability of chicken eggs due to a deficiency of riboflavin. 
They observed that the free riboflavin concentration of egg 
yolks from rdrd, rdRd and RdRd females was 0.41, 2.50 and 4.30 
meg per g respectively. A continuation of this study was 
recently reported at the Poultry Science Association meeting 
(Cowan e_t £l., 1961) and the data presented indicate that free 
riboflavin is retained more effectively in the "normal" than 
in the "recessive" laying hen. 
Bauernfeind e_t al.. (1942) found that Rhode Island Red 
chicks require about 12 percent less pantothenic acid in the 
ration than do White Leghorns and hence seemed to be less 
susceptible to pantothenic acid deficiency. It should be 
stated, however, that this conclusion is based on one experi­
ment reported. 
No work has been found on the effect of different breeds 
on the vitamin B^ requirement. Lucas et. j*l. (1946) suggested 
a high requirement of vitamin B6 for a Rhode Island Red X 
Barred Plymouth Rock cross. This was based on observations 
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of symptoms similar to deficiency symptoms in chicks re­
ceiving diets with 500 meg of pyridoxine hydrochloride per 
100 g of feed. 
One of the ways of actually establishing whether a dif­
ference could exist between breeds in vitamin requirement or 
any other nutrient requirement is to study differences in 
metabolic efficiencies. To illustrate this, Miller and Denton 
(1959) investigated the utilization of methionine for synthe­
sis of cystine by Single Comb White Leghorns and Australorp 
chicks. They fed a semi-purified diet with low-cystine con­
tent. Using L-methionine these workers were able to show 
a breed difference in the amount of methionine converted to 
cystine. 
Vitamin B6 and Lipid Interrelationships 
During the past few years, considerable evidence has 
been presented indicating that vitamin B^ is involved in 
various aspects of lipid metabolism, particularly in the 
metabolism of cholesterol and the essential fatty acids. It 
is this particular interrelationship of vitamin B^ to choles­
terol metabolism that will be primarily dealt with in this 
review. 
The first indication of a possible relationship between 
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vitamin B& and lipid metabolism was presented by Birch and 
Gyorgy (1936). It was observed by these workers that fat with 
a high percentage of unsaturated fatty acids prevented and 
beneficially influenced cutaneous manifestations of vitamin 
B^ deficiency in the rat. Later, Birch (1938) postulated that 
the unsaturated fatty acids were necessary for the utiliza­
tion of the vitamin B6, in return, vitamin B^ was required 
for the utilization of the unsaturated fatty acids. He sug­
gested that vitamin B^ might combine with unsaturated fatty 
acids and phosphoric acid to form a phospholipid type of com­
pound as an essential cell constituent. The existence of such 
vitamin B^ complexes in nature is not known, but it is inter­
esting to note that both vitamin B^ and the essential fatty 
acids are now known to be involved in the maintenance of normal 
cell functions and the regulation of cell permeability (Sin­
clair, 1952). Furthermore, Witten and Holman (1952) have shown 
that vitamin B^ is involved in the conversion of dietary 
linoleate and linolenate to the more highly unsaturated longer-
chain fatty acids in rat tissue. The early literature impli­
cating vitamin B^ in various aspects of lipid metabolism has 
been adequately reviewed by Sherman (1950). 
The effect of vitamin B^ deficiency on fat metabolism in 
the rat was studied by Desikachar and McHenry (1954). It was 
observed that lack of pyridoxine caused a decrease in the 
43 
percentage of total fat in the carcass which was particularly 
prevented by giving linoleic acid. Vitamin deficiency had 
no significant effect on liver fat. 
Several studies have shown that feeding fat ameliorates 
the development of vitamin B^ deficiency. This may reflect a 
function of the fat itself or an indirect effect resulting 
from the fact that if the ratio of protein to food energy in 
the test diets is not constant, the animal eating the high 
fat diet will eat less protein and therefore need less vitamin 
Bfc for its metabolism. The latter hypothesis was tested by 
Williams and Cohen (1957) using diets in which the ratio of 
protein to food energy was held constant and the fat content 
was varied from 0 to 40 percent. Cottonseed oil and coconut 
oil were the fat sources. With either oil, levels of dietary 
fat above 5 percent had no effect on the development of vita­
min B6 deficiency in male weanling rats for three weeks when 
the protein to food energy ratio was constant. When the 
ratio was decreased, the 40 percent cottonseed oil diet per-
mitted slightly better growth, but the difference was not sig­
nificant. 
Witting e_t al. (1957) in a study involving a comparison 
of the nutritive value of polymerized fats fed at a 10 percent 
level to weanling rats, reported that poor growth of these ani­
mals kept on diets containing these used oils could be par­
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tially overcome upon increasing the dietary level of pyridox­
ine. The results indicated that the level of pyridoxine and 
manner in which thé fats were polymerized had an important 
bearing on their nutritional value. 
In- studying the effect of dietary fat on the development 
of vitamin B6 deficiency in the rat, Williams e_t al. (1959) 
observed that in both -deficient and control animals, the 
percent of body fat increased as the percent of dietary fat 
increased. Whether -deficiency reduced body fat depended 
upon the level of dietary fat. There was no significant dif­
ference between deficient and control groups fed a diet con­
taining 5 and 40 percent cottonseed oil, but a significant 
decrease in body fat occurred in the deficient animals fed a 
10 or 20 percent cottonseed oil diet. Vitamin B5 deficiency 
was shown by these workers to decrease the storage of liver 
cholesterol in cholesterol-fed rats. The effects of two types 
of fat, corn oil and a hydrogenated shortening, at 15 percent 
dietary levels were determined by Brown (1960) in studies of 
reproduction performance and body composition in vitamin B^-
deficient and control female rats. No significant differences 
associated with type of dietary fat were observed in body or 
liver composition. The composition of liver lipids appeared 
to be altered by the vitamin B^ deficiency. The amount of 
carcass and liver fat was lower in deficient mothers, and car­
cass fat was slightly lower in young of deficient mothers than 
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in those of controls. Deficient animals fed hydrogenated 
shortening produced fewer than half as many live young as 
those fed corn oil. It was concluded by this author that the 
more unsaturated fat exerts a protective effect in the vitamin 
B^-deficient animals and that the adverse effect of the de­
ficiency on fertility and reproduction performance is accentu­
ated when hydrogenated shortening rather than corn oil is the 
source of dietary fat. 
Johnston et, al. (1961) studied the effect of pyridoxine 
deficiency on fatty acid composition of carcass and brain 
lipids in the rat. Female rats were fed diets containing 10 
percent corn oil, with or without pyridoxine. The results 
indicate that there is no sparing of unsaturated fatty acids 
and little change in fatty acid composition of carcass fat in 
pyridoxine deficiency unless the rats are also deficient in 
essential fatty acids. It was suggested that the effects of 
pyridoxine deficiency on fat metabolism are of a secondary 
nature mediated by changes in protein and carbohydrate metabo­
lism. 
Several papers have appeared to date demonstrating a re­
lationship between vitamin and cholesterol metabolism in 
rats, monkeys, dogs, humans, and chicks. Rinehart and Green-
berg (1949) observed that rhesus monkeys kept on a vitamin 
B^-deficient diet for a prolonged period of time tended to 
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have more advanced arteriosclerotic lesions than those found 
in the control animals. They later reported that vitamin B6 
deficiency in monkeys regularly led to the formation of sclero­
tic lesions in the blood vessels, which was also accompanied 
by high plasma cholesterol levels (Greenberg and Rinehart, 
1951). In a later and more extensive study, (Rinehart and 
Greenberg, 1956) they speculated that the mechanism of the 
vascular lesion may be through an impairment of protein 
metabolism. Mushett and Emerson (1956) confirmed the find­
ings of Rinehart and Greenberg in monkeys and extended their 
observations to the dog, where similar fibrous plaques were 
produced by vitamin deficiency as well as by administra­
tion of deoxypyridoxine. The findings of the above workers 
in monkeys and dogs along with knowledge of the role of vita­
min B^ in essential fatty acid metabolism led Schroeder (1955) 
to speculate on a combined role of pyridoxine and the essen­
tial fatty acids in the etiology of human atherosclerosis. He 
suggested that the American diet is marginal in pyridoxine and 
contains large amounts of saturated animal and hydrogenated 
vegetable fats which may be in part responsible for the high 
incidence of hypercholesteremia and atherosclerosis in the 
United States. 
The results obtained by other workers from similar lines 
of study are not entirely in agreement with the findings of 
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the above workers. Marten and Hoskins (1958) studied the in­
fluence of pyridoxins administration to cholesterol-fed rab­
bits on serum cholesterol levels and development of athero­
sclerosis. Pyridoxine was found by these workers to have no 
effect on serum cholesterol levels of rabbits fed normal stock 
diet nor of those fed a cholesterol-rich diet. The incidence 
of atherosclerosis was not affected by adding pyridoxine to 
the cholesterol diet. The effect of vitamin B$ deficiency was 
not demonstrated in this work, however, which may explain the 
discrepancy from other works. 
Recently, Goswami and Sadhu (1961) reported that vitamin 
deficiency induces a significant degree of hypercholester­
olemia in rats along with increased cholesterol deposition in 
the thoracic and abdominal segments of the aorta. They sug­
gested that the hypercholesterolemia is probably due to in­
creased mobilization of cholesterol from the liver. 
Dam et al. (1958) studied the effect of vitamin BA de-1 
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ficiency on cholesterol content of plasma, liver, heart and 
aorta of chicks fed fat-free diets or diets containing 10 per­
cent peanut oil, with or without one percent dietary choles­
terol. Plasma cholesterol was significantly higher in the 
chicks fed vitamin B^-deficient diets than in chicks receiving 
diets with added pyridoxine. Deficient chicks had a somewhat 
higher cholesterol content in the aorta than those receiving 
added pyridoxine. Liver cholesterol was not affected by vita-
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min B6 deficiency. With regard to heart cholesterol, the diet 
without added pyridoxine caused lower values than did the cor­
responding diets with added pyridoxine. 
The biochemical nature of this demonstrated relationship 
between vitamin deficiency and cholesterol metabolism is 
not understood. It has been suggested that vitamin B^ exerts 
its influence on cholesterol metabolism through its effect on 
the essential fatty acids. The involvement of vitamin B6 in 
the synthesis of arachidonic acid from linoleic acid and of 
hexaenoic acid from linolenic acid has previously been men­
tioned in this review. However, the complete mechanism through 
which vitamin acts in the synthesis of these fatty acids 
has not been elucidated. Deuel (1955)xpostulated that the 
essential fatty acids are directly involved in the mobiliza­
tion and deposition of cholesterol. If this relationship is 
definitely established, then it would explain why vitamin B^ 
would be, at least indirectly, involved in the metabolism of 
cholesterol since it is definitely involved in the metabolism 
of the essential fatty acids. 
Feeding high levels of nicotinic acid has been shown to 
decrease serum cholesterol in hypercholesteremic animals and 
humans. Altschul e_t al. (1955) were among the first to demon­
strate that nicotinic acid administration lowers serum choles­
terol levels of young adults and that hypercholesteremic levels 
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are more affected than normal levels. This finding was later 
confirmed by Parsons (I960). Gaylor ejb al. (I960) studied the 
effect of nicotinic acid and related compounds on sterol 
metabolism in the chick and rat. Nicotinic acid did not. alter 
the blood cholesterol level of rats fed a hypercholesteremia-
inducing diet. However, the blood cholesterol level of chicks 
fed a diet containing 0.5 percent cholesterol was depressed 
by nicotinic acid. The mechanism of action by which nicotinic 
acid reduces blood lipid levels is still unknown. Miller et 
al. (1960) stated that the mechanism of action of nicotinic 
acid is either one of influence on the rate of synthesis of 
cholesterol or on the distribution of the lipid between the 
vascular and cellular compartments. 
On the basis of the above findings, it has been suggested 
(Sakuragi, 1959) that vitamin may affect serum cholesterol 
levels by stimulating the in vivo conversion of tryptophan to 
nicotinic acid which in turn may depress serum cholesterol 
levels. This in essence implies another indirect involvement 
of vitamin B^ in cholesterol metabolism. However, Shah e_t al. 
(I960) presented evidence for a more direct involvement of 
vitamin B^ in cholesterol metabolism with the aid of acetate-
2-C^t mevalonic acid-2-C^^ and cholesterol-4-C^. The results 
presented indicate that vitamin B^ deficiency enhanced the in­
corporation of labelled acetate into liver cholesterol. It 
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was also shown that this enhanced incorporation of labelled 
acetate into cholesterol in deficient rats could be reversed 
by injecting pyridoxine hydrochloride. The synthesis of 
cholesterol from mevalonic acid, and excretion of cholesterol-
4-C14 were not altered by pyridoxine deficiency. 
Lipid synthesis from acetate-2-C^ was studied by Williams 
and Pertel (1960) in liver slices from vitamin B5-deficient 
and control rats. Vitamin -deficient rats were allowed food 
for eight hours during the day or for 24 hours, while controls 
were fed only twice daily. Development of vitamin defi­
ciency was not significantly affected by the difference in 
feeding schedules. Liver slices from vitamin B^-deficient 
rats which had had access to food for eight hours still in­
corporated more C*4 into total lipid than did slices from 
pair-fed controls fed twice daily. 
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Take interest, I implore you, in those 
sacred dwellings called laboratories. 
Demand that they be multiplied, that 
they be adorned. They are the temples 
of the future, temples of well being 
and of happiness. 
Louis Pasteur 
EXPERIMENTAL PROCEDURE 
Experimental Animals 
Vent-sexed (Vantress<f X Arbor Acre $) male chicks were 
used in all experiments. For the first four experiments, 
these were obtained from a commercial hatchery in central Iowa 
and for Experiments V and VI, chicks of the same strain were 
obtained from a flock maintained at the Iowa State University 
Poultry Farm. In addition, for experiments III and IV, Single 
Comb White Leghorns and Rhode Island Red chicks were obtained 
from flocks maintained at the Iowa State University Poultry 
Farm. 
Methods of Feeding and Management 
The experiments were conducted in five-deck battery 
brooders equipped with wire floors and thermostatically con­
trolled electric heating elements of the back warming type. 
The temperature under the hover was adjusted to the comfort 
of the chicks from an initial temperature of 100° F. Hovers 
were gradually raised during the experimental period according 
to need. All experiments were carried out in a room where the 
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temperature was maintained at approximately 70°F. 
The experimental rations and water were allowed ad 
libitum in all experiments except when otherwise indicated, 
and waterers were scrubbed and washed daily to keep microbial 
growth and hence vitamin synthesis at a minimum. At the be­
ginning of each experiment, sufficient feed for the test 
period was mixed for each experimental lot, placed in metal 
cans with covers and stored in a walk-in cooler where the 
temperature was maintained at approximately 45°F. Sufficient 
feed was transferred to the room where the experiments were 
carried out at weekly intervals. Crystalline pyridoxine hy­
drochloride (Merck) was used in all studies. Different con­
centrations of the vitamin were prepared by a series of dilu­
tions with dextrose after which these pyridoxine concentrates 
were mixed with the vitamin premix. 
Records and Experimental Data 
Chicks were wing-banded and weighed as a group at weekly 
intervals except in Experiments V and VI where individual 
weights were recorded. Mortality records were kept daily and 
feed consumption data tabulated from weekly feed weights. 
Basal diets used are presented under the procedure of each 
experiment. Vitamin deficiency symptoms were observed and re 
corded daily. Birds were autopsied regularly immediately aft 
53 
death except when otherwise indicated and abnormalities ob­
served and recorded. 
The analyses of variance, regression analyses, correlation 
coefficients and other tests of comparisons of all experimental 
data were made according to methods described by Snedecor (1957) 
unless otherwise indicated. 
Collection of Tissue Samples 
In all experiments, blood was obtained by heart puncture 
using a 5 c.c. glass syringe and a 22 gauge needle. The method 
used in obtaining the blood is a modification of the method 
described by Hofstad (1950). The bird was placed flat on its 
back and the needle inserted on the left side through the up­
per sternal notch at about a 60° angle. Three to four milli­
liters of blood were drawn for each sample. The sample was 
immediately placed in a clean dry centrifuge tube and covered 
with a cork stopper. Following the completion of bleeding, 
coagulated blood was centrifuged in an International Clinical 
centrifuge at approximately 3000 rpm for 15 minutes. The serum 
was immediately removed and placed in clean oven-dry vials. 
For cholesterol determinations, 0.1 ml of serum was used and 
the remainder of the serum was stored at -20°C to be used 
later for determinations of serum glutamic-oxalacetic trans­
aminase activity. 
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At the termination of each experiment, birds were sacri­
ficed by dislocation of the spinal cord and the various tis­
sues (livers, hearts, aortas, spleens, gizzards, adrenal 
glands) were removed, washed of adhering blood, placed in 
glass jars and frozen at -20°C. The kind of tissue removed 
varied with each experiment. Thoracic and abdominal segments 
of the aorta from the bifurcation of the brachiocephalic ar­
teries to the caeliac bifurcation were used. Livers and 
spleens were weighed fresh, while hearts and aortas were 
weighed after drying in a vacuum oven at 100°c and approxi­
mately 25 mm mercury vacuum. Histological preparations and 
technics involved will be discussed later under Experiment II. 
Chemical Analyses 
Measurement of transaminase activity 
Theory Glutamic-oxalacetic transaminase activity was 
measured by a modification of the Karmen (1955) procedure. 
This determination is based on the catalysis of the following 
reaction by the enzyme indicated: 
Glutamic-oxalacetic 
transaminase 
Aspartic acid + alpha-ketoglutaric acid s . ... — -, „ ^ 
oxalacetic acid + glutamic acid 
No measurable change in optical density occurs in this reac­
tion. However, reduced diphosphopyridine nucleotide (DPNH) has 
a high optical density at 340 mu, and diphosphopyridine nu­
cleotide (DPN) has no optical density at this wave length. By 
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coupling the above transamination reaction with the reaction 
given below, the rate of the transamination reaction can be 
followed: 
Malic dehydrogenase 
Oxalacetic acid + DPNH ^ Malic acid + DPN 
One unit of enzyme was defined as that amount of enzyme which 
would cause a decrease in optical density of 0.001 per minute 
per milliliter of serum at 25°C per cm of light path when 
measured at a wave length of 340 mu. 
Reagents used All reagents used in this analysis, 
with the exception of the phosphate buffer, were obtained from 
the Sigma Chemical Company, St. Louis, Missouri, in a prepared 
form. Stock enzyme (Malic dehydrogenase) preparations were 
kept frozen at -20°C and made into working solutions at inter­
vals of three to five days. All other reagents were refrigera­
ted when not in active use. 
Aspartate solution, 0.2 M L-aspartic acid (2.662 
grams)was dissolved in approximately 70 ml. potassium phos­
phate buffer. The pH was adjusted to 7.5 with about 20 ml. 1 
N NaOH, and then diluted to 100 ml. with additional buffer. 
Malic dehydrogenase The dry preparation of malic 
dehydrogenase containing 20,000 enzyme units was made into 
working solutions in two steps: 1. sufficient ammonium sulfate 
solution was added to yield 10,000 units per ml. At this con­
centration the preparation was stable for a month at 5°C and 
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much longer at temperatures below 0°C; 2. small portions 
were further diluted with ammonium sulfate to yield an ac­
tivity of 2000 units per ml. This was the concentration used 
in the procedure. 
Potassium phosphate buffer, 0.1 M For 100 ml of 
buffer, 1.397 grams of anhydrous KgHPO^ and 0.269 grams of an­
hydrous KH2PO4 were dissolved in distilled water and pH ad­
justed to 7.5 before volume adjustment was completed. 
Reduced diphosphopyridine nucleotide : Single de­
termination DPNH vials were used, with each containing 0.2 mg 
of previously weighed DPNH. 
Alpha-ketoglutarate solution, 0.1 M Alpha-
ketoglutaric acid (1.47 grams) was dissolved in 70 ml phos­
phate buffer. The pH was adjusted to 7.5 with about 20 ml 
1 N NaOH and volume brought to 100 ml. with additional buffer. 
Determination of transaminase activity The following 
reagents were pipetted directly into DPNH vials containing 
previously weighed 0.2 mg DPNH: 
0.5 ml.aspartate solution (0.2M) 
0.1 ml. malic dehydrogenase containing 200 units 
2.1 ml. phosphate buffer (0.1M) 
0.1 ml. serum 
The vials were capped, shaken well and then contents trans­
ferred to a quartz cuvette. Optical density was read at a 
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wave length of 340 mu in a Beckman Spectrophotometer, Model 
DU, vs. distilled water. Optical density readings were taken 
for about ten minutes and until no further change in optical 
density was observed. During this period, pyruvate in serum 
was destroyed by reaction with the DPNH. Alpha-ketoglutarate 
(0.2 ml.) was then added with thorough mixing by inversion. 
Exactly three minutes after the addition of alpha-ketoglutarate, 
optical density readings were recorded over a period of 10 
to 12 minutes at one minute intervals. The temperature of 
the cuvette chamber was recorded. 
Calculation of transaminase activity Change in optical 
density for each one minute interval was calculated and plots 
were made of change in optical density with time. These were 
linear in most cases. A temperature correction factor, derived 
from data presented by Steinberg et al. (1956), was inserted 
into the denominator of the calculation formula presented below. 
This worker showed that results obtained at any temperature 
can be readily converted to a chosen standard temperature which 
in this case is 25°C according to the definition of one unit 
of enzyme stated previously. 
Decrease in optical density x 1000 
Units/ml = time (min) X ml serum X light path X temp correction 
All samples were made in duplicate. 
Determination of total serum cholesterol 
The method used for the determination of total cholesterol 
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in serum-was a modification of that described by Zlatkis et 
al. (1953). 
Reagents used 
Standard cholesterol solution (1 mg/ml) ; 100 mg 
of pure, dry, ash-free cholesterol was dissolved in 100 ml. 
of 100 percent glacial acetic acid. 
Ferric chloride solution 10 g of ferric chloride, 
reagent grade, were dissolved in 100 ml. of 100 percent glacial 
acetic acid. 
Color reagent 2.0 ml. of the ferric chloride 
solution was diluted to 200 ml. with C.P. concentrated sul­
furic acid. A new reagent was prepared for every run because 
of the instability of this reagent. 
Preparation of the standard curve Standard cholesterol 
solution (0.1, 0.2, 0.3, 0.4 and 0.5 ml.) was pipetted into 
clean, dry, 30 ml. test tubes and each was diluted with glacial 
acetic acid to 5.0 ml. Distilled water (0.1 ml.) was added 
to each standard and mixed thoroughly. A blank was prepared 
which contained 5.0 ml. of glacial acetic acid and 0.1 ml. of 
distilled water. The color reagent (2.0 ml.) was then pipetted 
into the sample by carefully allowing it to flow down the side 
of the test tube, thus producing two layers. Tubes were then 
shaken sharply to effect mixing and heat distribution. When 
tubes had cooled to room temperature, the absorbancy was 
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measured in a Beckman Spectrophotometer, Model DU, at 560 mu 
using one cm. cuvettes. The standard curve was obtained by 
plotting optical density against concentration. 
Serum cholesterol determination Serum (0.1 ml.) was 
pipetted into a 30 ml. test tube containing 5.0 ml. of glacial 
acetic acid. The color reagent was added and mixed as ex­
plained above. The optical density of the solution was then 
measured after it had come to room temperature and total 
cholesterol was determined from the calibration curve. 
Aorta cholesterol determination 
The entire dried segment of the aorta was prepared for 
cholesterol determination by a procedure described by Weiss 
(1959). The segments were ground to powder with a mortar and 
pestle and then extracted in 5 ml. glacial acetic acid for 24 
hours. The acid-extracted material was then shaken with an 
additional 5 ml. acetic acid. The total was filtered and the 
precipitate washed with another 5 ml. of glacial acetic acid. 
Five ml. of the combined filtrate was then carried through the 
procedure of Zlatkis et_ a]L. (1953), described previously, add­
ing 3.5 ml. of the color reagent instead of 2.0 ml. as in serum 
cholesterol analysis. 
Liver and heart lipid and cholesterol determinations 
Livers were first individually homogenized with 15 ml. of 
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distilled water in a Waring blendor and then dried in a vacuum 
oven at 100°c and 25 mm mercury vacuum for approximately 16 
hours. The dry homogenate was then ground in a Serval! Omni-
Mixer. Duplicate, approximately 2g samples of each liver 
homogenate were extracted in a Soxhlet type extractor with the 
following solvent mixture for 18 hours: 5 parts ethyl ether, 
5 parts Skellysolve B and 2 parts ethanol. Percent lipids 
was calculated from the weight loss. Extracts were diluted to 
200 ml. with the solvent mixture and 1 ml. sample was evaporat­
ed to dryness for total cholesterol determination as outlined 
in the method of Zlatkis e_t al. (1953). 
After drying in a vacuum oven at 100°C and 25 mm mercury 
vacuum for approximately 16 hours, the total dry chick heart 
was then ground to powder with a mortar and pestle and then 
extracted in a Goldfisch extraction apparatus with the same 
solvent mixture as shown above for 18 hours. Percent lipids 
was calculated from the weight loss. Extracts were diluted 
to 100 ml. with the solvent mixture, described previously, and 
carried through as explained for liver cholesterol determina­
tion. 
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The search for Truth is in one way 
hard and in another easy. For it 
is evident that no one can master 
it fully nor miss it wholly. But 
each adds a little to our knowledge 
of Nature, and from all the facts 
assembled there arises a certain 
grandeur. 
Aristotle 
EXPERIMENTAL RESULTS 
Experiment I 
Purpose 
This preliminary experiment was conducted as an orienta 
tion study: 
1. To determine the adequacy of the semi-purified diet 
employed by comparing it to a practical chick starter that 
has been shown to be adequate at the Poultry Department of 
Iowa State University. 
2. To investigate the rate of weight gain, feed effi­
ciency and serum glutamic-oxalacetic transaminase (SGO-T) 
activity in chicks fed (a) a semi-purified diet with various 
levels of vitamin B^ (0.5, 1.5, 2.5 and 4.5 mg of total vita 
min B(j per pound of ration) and (b) a practical diet contain 
ing approximately 2.5 mg of vitamin B6 per pound of ration. 
3. To become acquainted with some of the problems in­
volved in vitamin B^ deficiency studies and make preliminary 
observations on clinical symptoms and pathological manifesta 
tions of such a deficiency. 
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Procedure 
One hundred and twenty day-old crossbred male chicks 
(Vantress ^  X Arbor Acre £ ) were randomly assigned to 10 
pens, each pen containing 12 chicks. The basal semi-purified 
and practical diets, presented in Tables 1 and 2 respectively 
were used. Two pens were allotted to each of five experi­
mental treatments under a completely randomized design. The 
five experimental diets consisted of 4 semi-purified with 
four different levels of vitamin B& (0.5, 1.5, 2.5 and 4.5 
mg per pound of ration) and one practical diet containing ap­
proximately 2.5 mg of total vitamin B6 per pound of ration. 
Feeding and management, collection of samples and data, 
chemical analysis of SGO-T activity, and statistical analyses 
were as described in the general experimental procedure. 
The multiple range test of Duncan (1955) was used for the test­
ing of differences among means. 
Table 1. Semi-purified diet--Experiment I 
Ingredient Percent 
Dextrose 65.75 
Isolated soybean protein (ADM) 22.00 
Soybean oil 2.00 
Non-nutritive fiber (Alphacel) 3.00 
Vitamin mixture* _• 1.00 
^Vitamin mixture contributed the following to one pound 
of complete ration; vitamin A 4540 I.U., vitamin Dg 681 I.C.U., 
vitamin E 10 I.U., inositol 60 mg, folic acid 1.5 mg, PABA 
30 mg, niacin 40 mg, calcium panthothenate 10 mg, riboflavin 
4 mg, thiamine hydrochloride 2 mg, menadione 2 mg, ascorbic 
acid 100 rag, vitamin B12 10 meg, biotin 100 meg. 
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Table 1. (Continued) 
Ingredient Percent 
Mineral mixture** 5,30 
D1-Methionine 0.50 
Glycine 0.20 
Choline chloride 0.25 
^Mineral mixture contributed the following to one pound 
of complete ration: NaCl 0.50%, calcium 1.20%, phosphorous 
0.64%, zinc 2.93 mg, potassium 5.14 gm, manganese 32 mg, 
iron 41.60 mg, cobalt 1.13 mg, copper 3.15 mg, magnesium 400 
mg, iodine 1.64 mg. 
Table 2. Practical diet—Experiment I 
Ingredient Percent 
Ground yellow corn 59.0 
Soybean oil meal (50% protein) 28.0 
Meat scraps (50% protein) 4.0 
Soybean oil 2.0 
Fish solubles 2.0 
Alfalfa meal (20% protein) 2.0 
Salt mixture* 0.6 
Dicalcium phosphate 1.0 
Oyster shell 0.5 
Vitamin C-20^ 1.0 
aSalt mixture supplied the following as percentages of 
the complete diet or amounts per lb of diet : NaCl 0.4%, 
manganese 55 mg, iodine 0.25 mg, iron 18 mg, copper 1.36 mg, 
zinc 1.30 mg, cobalt 0.23 mg, sulfur 7.7 mg. 
^Vitamin C-20 supplied the following as amounts per lb 
of diet : riboflavin 2 mg, niacin 17 mg, cal-pantothenate 4 mg, 
vitamin B30 7.5 meg, menodione 1 mg, vitamin E 5 I.U., 
vitamin A 3000 I.U. and vitamin D 500 I.C.U., penicilin 5 mg, 
3-nitro 22.5 mg. 
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Results 
Growth, feed consumption and SGO-T activity Data on 
growth and feed utilization are presented in both Table 3 
and Figure 1. It is observed that retarded growth was ap­
parent a week after putting chicks on a diet containing 0.5 
mg of vitamin per pound of ration. Table 3 shows that 
the 1.5 mg level of total vitamin B^ per pound of ration was 
the lowest level that supported good growth and feed effi­
ciency. A pictorial comparison of growth on 0.5 and 1.5 mg 
of total vitamin B& is presented in Plate I. The best feed 
conversion, however, was attained on a semi-purified diet con­
taining 2.5 rag of vitamin B^ per pound of ration. There were 
no statistically significant differences in either 4-week 
weight or feed conversion data when the practical diet was 
compared to the purified diets containing 1.5 mg vitamin B6 
or more. Analyses of variance tables for 4-week weight and 
4-week feed conversion are presented in the appendix. 
Table 4 shows the separation of 4-week weight means by 
Duncan's multiple range test. It is observed that the only 
diet that did not support good growth was the semi-purified 
diet containing 0.5 mg of total vitamin B^ per pound of ration. 
The table also illustrates the adequacy of the semi-purified 
diet for growth since weight gains of chicks fed this diet 
did not differ significantly from those achieved on the prac­
tical diet. 
Table 3. Effect of different levels of vitamin on growth rate, feed efficiency 
and SGO-T activity—Experiment I 
Basal ration 
Total vitamin 
(mg/lb) 
B6 Average weight in (Age in days] 
grams3 
1 
4-week SGO-T (u/ml) 
feed con- (Age in days) 
0 7 14 21 28 version 14 28 
Purified 0.5 42 71 98 152 188b - 68+8.gC 67+3.6 
Purified 1.5 42 98 202 340 483 1.86 148111.4 149Î10.7 
Purified 2.5 43 99 202 344 505 1.68 129+10.3 144Î14.2 
Purified 4.5 43 96 204 327 484 1.72 150+6.7 Î64+6.O 
Practical 2.5d 43 96 200 345 502 1.84 Î56+7.9 144110.5 
aTwo replicate pens of 12 chicks each. 
^Mean weights of only three chicks that were injected with pyridoxine hydro­
chloride at 14 days of age. 
cMeans Î standard error. 
^Approximate calculated composition. 
v 
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Table 4. Separation of means by Duncan's multiple range 
test8—Experiment I 
Diet 
Mean 
Diet 
Mean 
Purified Purified 
0.5 1.5 
188 483 
Purified Purified 
0.5 2.5 
68 136 
4-week weights 
Purified Practical Purified 
4.5 2.5 
484 502 505 
SGO-T activity 
Purified practical Purified 
1.5 4.5 
148 150 157 
aMeans not joined by same continuous line are statistical­
ly significant. 
^Significant at the 0.05 level of probability. 
^significant at the 0.01 level of probability. 
Figure 1 shows that during the first week, chicks fed 
the 0.5 mg diet consumed approximately the same amount of 
feed as chicks fed the other diets, but they did not attain 
the same weight. Chicks fed the semi-purified diet seemed 
to grow at the same rate as those fed the practical diet but 
with a smaller amount of feed. This is particularly true in 
the first two weeks of life, and continues, to a lesser ex­
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tent, to the end of four weeks. 
SGO-T activity data for both two and four week deter­
minations are presented in Table 3. Means were also separated 
in this case by Duncan's multiple range test and this analysis 
is presented in Table 4. SGO-T activity was significantly 
depressed when chicks were fed the purified diet containing 
0.5 mg of total vitamin per pound of ration. The differ­
ence between means from chicks fed semi-purified diets con­
taining 2.5 or 4.5 mg B^ failed to attain statistical sig­
nificance at the 1 percent level, but was significant at the 
5 percent level. 
Deficiency symptoms As early as eight days of age, 
some of the birds fed the purified diet containing 0.5 mg 
of vitamin B^ per pound of ration exhibited certain vita­
min B& deficiency symptoms. They were hyperexcitable 
when disturbed and some would dash around in an abnormal 
manner bumping into the sides of the cage. Convulsions were 
observed in a number of deficient chicks and consisted of 
birds lying on their side and undergoing tremors for a very 
short time. Death usually followed these convulsions and 
the time of survival after the occurrence of convulsions 
varied from several minutes to a few hours, depending on the 
severity of convulsions and frequency of their occurrence. 
These symptoms were always preceded by decreased appetite, 
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droopiness and extreme weakness. Plate II shows a three-week 
old chick suffering from a vitamin B$ deficiency. Several 
manifestations can be observed. Droopiness, ruffled feathering, 
inability to stand and blindness due to closure of the eyelids 
are quite apparent. This latter manifestation occurred in a 
number of cases and contributed to the inability of the chick 
to move around and secure feed and water. 
At the end of two weeks, three chicks from the basal semi-
purified group, exhibiting some deficiency symptoms were in­
jected intraperitoneally with an overdose of pyridoxine hy­
drochloride. They recovered in about three hours and were the 
only survivors till the end of the experimental period from 
this group. Hence, the mortality at end of four weeks, with 
the exception of the three injected chicks, was actually 100 
percent of the chicks fed the 0.5 mg B^ semi-purified diet. 
Mortality record for all treatments is shown in Table 5a. 
Immediately after death, chicks were autopsied and ab­
normalities recorded. The most prominent pathological findings 
observed were hemorrhages in various areas of the body. These 
were particularly striking around follicles of the wing feathers 
as shown in Plate III. In advanced stages, the feather would 
break and fall off at the point of hemorrhage as shown in the 
same plate. Subcutaneous and intramuscular hemorrhages were 
observed. Since these hemorrhages might have been due to 
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Table 5a. Mortality and autopsy observations—Experiment I 
Total vitamin B$ (mg/lb) 
Semi-purified Practical 
Observation 
Mortality 
Gizzard erosion 
Wing hemorrhage 
0.5 1.5 
21/24 2/24 
16/20 5/20 
4/12 0/12 
2.5 
0/24 
3/12 
0/12 
4.5 
0/24 
2/12 
0/12 
2.5 
1/24 
1/12 
0/12 
struggling of the bird in the cage before death, a number of 
deficient birds were sacrificed before death by administering 
a large dose of anesthetic and then checked for pathological 
abnormalities. The occurrence of most of these hemorrhages 
persisted. 
It was also observed that vitamin B$ deficiency signifi­
cantly increased the incidence of gizzard erosion as shown in 
Table 5a. Gizzard erosion was in most cases accompanied by 
hemorrhages and greatly varied in severity among birds fed the 
same diet. Erosions observed in chicks receiving 1.5 mg or 
more vitamin per pound of ration were in most cases classi­
fied as mild erosions on the basis of the number of lesions 
and extent of hemorrhage observed. Typical eroded gizzards 
taken from three-week old birds fed the vitamin B^-deficient 
diet along with normal gizzards taken from birds of the same 
age, but fed vitamin B^-adequate diets are shown in Plate IV. 
The number of lesions in eroded gizzards varied and usually in­
creased with age and the time chicks were kept on the deficient 
diet. 
Figure 1. Effect of semi-purified and practical diets of varying vitamin 
content on growth rate and feed consumption of growing chicks 
from 0 to 28 days of age—Experiment I. 
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Plate I. A pictorial comparison of 16 day-old chicks fed identical semi-purified 
diets varying in vitamin 65 content. The chick on the right received 
1.5 mg of total vitamin per pound of feed and the one on the left 
received 0.5 mg of total vitamin Bg per pound of feed, both starting 
at one day of age. Experiment I. 
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Plate II» A three-week old chick that received a total of 0.5 rag of vitamin 
B$ per pound of feed since one day of age, showing clinical mani­
festations of the deficiency. Experiment I. 
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Plate III. An excised wing from a vitamin Bg, deficient 
chick showing hemorrhages around follicles of 
the feathers. Few feathers are shown to have 
been broken at the point of hemorrhage and 
fallen off. Experiment I. 
Plate IV. Gizzards on the left were taken from chicks fed 
a vitamin B$ deficient (0.5 mg) diet illustrating 
the occurrence of lesions or erosions accompanied 
by hemorrhages. Those on the right were taken from 
chicks fed vitamin B^ adequate diets. Experiment I. 
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Experiment II 
Purpose 
Having established the adequacy of the semi-purified 
diet employed in Experiment I, the same diet was used in this 
experiment : 
1. To investigate the rate of weight gain, feed effi­
ciency and SGO-T activity in chicks fed five different levels 
of vitamin B^ (0.5, 1.0, 1.5, 2.0 and 2.5 mg of total vitamin 
B, per pound of ration) and thus determine the lowest level 
o 
that would result in optimum responses. 
2. To further observe symptoms of vitamin deficiency 
and to evaluate pathological changes in various organs by 
both visual means and histopathological studies. 
Procedure 
The same number and strain of chicks were used in this 
experiment as in Experiment I. They were randomly assigned 
to 10 pens, each pen containing 12 chicks. The semi-purified 
diet used was the same as that used in Experiment I and pre­
viously presented in Table 1. Two pens were allotted to each 
of the five experimental diets under a completely randomized 
design. The five experimental diets consisted of the semi-
purified diet fed at five different levels of vitamin B6 
(0.5, 1.0, 1,5, 2.0 and 2.5 rag of total vitamin B& per pound 
of ration). Feeding and management, collection of samples 
and data, chemical analysis of SGO-T activity, and statistical 
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analyses were as described in general experimental procedure. 
At 18 days of age, four birds that represented the aver­
age weight for that treatment group were selected from each 
of the groups receiving 0.5, 1.5.and 2.5 mg of total vitamin 
per pound of ration. These were taken to the Veterinary 
Pathology Laboratory where they were sacrificed by decapita­
tion and livers, gizzards and adrenal glands removed for his­
tological studies. These tissues were fixed and embedded in 
paraffin. Sections were cut at 6 microns, mounted and stained 
using two types of stain: 
1. Hematoxylin-eosin 
2. GomorVs one step trichrome 
Standard histological procedures used are described in the 
Manual of Histologic and Special Staining Technics published 
by the Armed Forces Institute of Pathology (I960). Gomori*s 
one step trichrome staining procedure has also been described 
earlier by Gomori (1952). 
At the termination of the experiment, four chicks were 
chosen from each pen on average weight basis, with the excep­
tion of two pens receiving a total of 0.5 mg of vitamin 
per pound of ration where there were no survivors at four 
weeks, making a total of eight chicks per treatment. These 
were all individually weighed, bled by heart puncture for 
SGO-T activity determination and then sacrificed by disloca­
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tion of the spinal cord. Spleens, livers, and gizzards were 
removed. Gizzards were observed for erosion incidence and 
livers and spleens were weighed fresh. 
Results 
Growth, feed consumption and SGO-T activity Data on 
growth and feed utilization are presented in both Table 5band 
Figure 2. A sharp difference in weight between groups fed 
0.5 mg of total vitamin B6 and all other groups was observed 
at the end of the first week of age. Chicks fed the diet con­
taining 0.5 mg of vitamin B6 did not gain weight after the 
second week. No significant differences in weight at 4 weeks 
or 4-week feed conversion were observed among chicks fed 1.0, 
1.5, 2.0 or 2.5 mg of vitamin B§ per pound of ration. Analyses 
of variance tables for both 4-week weights and 4-week feed 
conversion are presented in the appendix. Figure 2, showing 
feed consumption data in relation to growth data, confirms re­
sults obtained in Experiment I and further illustrates the 
lack of response upon the addition of pyridoxine hydrochloride 
in excess of 0.5 mg to a semi-purified diet originally con­
taining 0.5 mg of vitamin B^ per pound of ration. 
Since there were no survivors, in the groups fed 0.5 mg 
of vitamin B^ per pound of ration at 4 weeks of age, no SGO-T 
activity determinations were made on these. Table 5b, however, 
shows values for the other groups. SGO-T activity of groups 
Table 5b. Effect of different levels of vitamin B& on growth rate, feed efficiency 
and SGO-T activity—Experiment II 
Average weights in grams3 4-week SGO-T 
Added pyridoxine HC1 Total vitamin (Age in days) feed con- (u/ml) 
(mg/lb) (mg/lb) 1 7 14 21 28 version 4-weeks 
of age 
0.0 0.5 40 69 72 72 b _ — 
0.5 1.0 40 94 182 315 454 1.86 104+10. 5C 
1.0 1.5 40 92 186 316 460 1.84 126Î19. 3 
1.5 2.0 40 94 183 312 440 1.90 131Î19. 8 
2.0 2.5 40 93 186 310 448 1.89 129ll5. 0 
^Two replicate pens of 12 chicks each. 
^Mean of only three chicks that survived out of 24 chicks started. 
°Means t their standard errors. 
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receiving 1.0 mg of total vitamin is lower than in any of 
the other groups. This difference did not attain statistical 
significance as is shown in the analysis of variance table, 
in the appendix. 
Deficiency symptoms Similar manifestations of vitamin 
deficiency were observed as those described in the pre­
vious experiment. Results of autopsies made on eight chicks 
from each group at the end of the experiment are presented 
in Table 6. No significant differences were observed in 
liver weights as the values in Table 6 and the analysis of 
variance table in the appendix clearly indicate. Spleen 
weights expressed in mg per 100 grams of body weight of 
chicks were a little higher in the group fed 1.0 mg of total 
vitamin than in any of the other groups fed higher levels 
of this vitamin. This difference of 8-11 mg per 100 grams 
of body weight was not found to be statistically significant 
(see Appendix Table 25). 
Gizzard erosion and wing hemorrhage incidence data are 
also presented in Table 6. The findings were very similar 
to those reported in Experiment I. An attempt was made at 
classifying the erosions as mild or severe depending on 
whether there were one or more lesions in the gizzard lining. 
This was abandoned and whenever a distinct lesion appeared, 
the gizzard was classified as eroded. The mortality record 
83 
Table 6. Mortality and autopsy observations—Experiment II 
Total vitamin B6 (mg/lb) 
Observation 0.5 1.0 1.5 2.0 2.5 
Body weights 
(grams) - 461Î15.93 456Î13.7 426Î12.8 451+9.2 
Liver weights . 
(g/100 g body wt) - 3.3+0.14 3.6-0.20 3.4Î0.16 3.4+0.12 
Spleen weights 
(mg/100 g body wt) - 235+23.1 227Î27.1 244119.8 224Î31.6 
Gizzard Erosion 15/24 2/12 2/12 3/l2 l/l2 
Wing hemorrhage 4/24 0/12 0/12 0/12 0/12 
Mortality 24/24 0/24 3/24 0/24 4/24 
aMean of eight chicks t standard error. 
is given in Table 6, showing 100 percent mortality by 4 weeks 
in the group fed 0.5 mg of total vitamin per pound of 
ration. No significant differences in mortality were ob­
served among the other groups. 
A number of chicks fed the 0.5 mg B^ diet showed atonic 
crops or what is commonly referred to by poultrymen as 
pendulous crops. Since this condition was not regularly 
observed in a large number of chicks, we can not establish 
that it is a definite manifestation of vitamin B6 deficiency. 
The cause of this condition was certainly not due to ex­
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cessive filling of the crop with food materials, which in 
some cases contributes to the increase in size of the organ, 
because these chicks had refrained from eating. Further­
more, upon opening of the crop during autopsy, a watery 
fluid only was present. This condition has been attributed 
to several factors, but the ultimate result is loss of the 
power of contraction of the crop. The fact that this could 
possibly be another nervous manifestation of vitamin 
deficiency whereby the innervation of the crop is in some 
way blocked could only be offered as a mere speculation. 
Histopathological findings 
It was stated earlier that two types of stains, hema-
toxylin-eosin and Gomori's one step trichrome, were used in 
preparing sections of liver, adrenal glands and gizzard 
tissue. Liver sections of chicks fed 0.5, 1.5 and 2.5 mg 
of total vitamin B^ per pound of ration showed no remarkable 
differences upon histological observation. The normal his­
tology of the liver of growing chicks has been described 
by Calhoun (1954, pp. 75-76). As far as adrenal glands are 
concerned, some of the sections from chicks fed 0.5 mg of 
total vitamin B^ per pound of ration had more fatty degen­
eration than those fed either 1.5 or 2.5 mg of total vitamin 
B^ per pound of ration. This, however, did not occur in a 
large number of cases in order to be given any special sig­
nificance. 
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Several histopathological manifestations of the gizzard 
were observed in sections from chicks fed 0.5 mg of total 
vitamin per pound of ration. These consisted of the ap­
pearance of cystic glands in the glandular layer, tunica 
propria, with extreme dilatation of these glands. Cells 
lining the cystic glands were almost squamous in nature, 
definitely flattened and no longer cuboidal. The physiologi­
cal activity of these cells appears to have been altered. 
The horny layer varied in thickness and was eroded at dif­
ferent locations. In some cases the submucosa also varied 
in thickness from one area to the next. These histopath­
ological manifestations of the gizzard are shown along with 
the normal histology of this organ in Plates V to VIII. The 
normal structure of the gizzard agrees with that described 
by Calhoun (1954, pp. 53-60) and by several other previous 
workers whose work was adequately reviewed by Calhoun. 
Experiment III 
Purpose 
Genetic factors have been shown in several instances to 
affect the requirement for various nutrients. Since work on 
the vitamin B^ requirement of the chick as influenced by breed 
differences is practically lacking, this experiment was de-
Figure 2. Effect of vitamin B6 level on growth rate and feed consumption of 
growing chicks fed semi-purified diets—Experiment II 
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Plate V. A cross section of a normal gizzard stained with 
Gomori's one step trichrome, taken from a chick 
receiving adequate vitamin B6« From top to botton: 
horny layer, tunica propria with the glands in it, 
submucosa and part of the muscle layer. Photo­
micrograph 95X. Experiment II. 
Plate VI. A cross section of an eroded gizzard stained 
with Gomori's one step trichrome, taken from a 
chick receiving vitamin Bfi deficient diet. From 
top to bottom: part of the horny layer, tunica 
propria with extreme dilatation of the glands, 
submucosa and a thin portion of the muscle 
layer. Photomicrograph 95X. Experiment II. 

Plate VII. Enlargement of a portion of the tunica propria 
from a normal gizzard stained with Gomori's 
one step trichrome showing normal appearance 
of the glands and cuboidal nature of the cells 
lining the glands. Photomicrograph 400X. 
Experiment II. 
Plate VIII. Enlargement of a portion of the tunica propria 
from an eroded gizzard stained with Gomori's 
one step trichrome showing extreme dilatation 
of the glands with cells lining them which are 
almost squamous and definitely flattened. Con­
siderable reduction in glandular material is 
also observed. Photomicrograph 400X. 
Experiment II. 
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signed to investigate the effects of different levels of 
vitamin (0.8, 1.2, 1.6 and 2.0 mg of total vitamin B& 
per pound of ration) on rate of growth and feed efficiency 
of Single Comb White Leghorns, Rhode Island Reds, and Vantress 
X Arbor Acre chicks. 
Procedure 
A total of 288 day-old male chicks of three different 
breeds (Single Comb White Leghorn, Rhode Island Red, Vantress 
X Arbor Acre) were used in this experiment. Ninety-six chicks 
of each breed were randomly assigned to eight pens of 12 
chicks each, utilizing a total of 24 pens. Three batteries 
were occupied using the top two decks of each as one block 
and the next two as the second block. Two pens of each 
breed were allotted to each of the four experimental diets. 
The same semi-purified diet used in the previous experiments 
was used in this experiment and fed at four levels of vitamin 
B^ (0.8, 1.2, 1.6 and 2.0 mg per pound of ration). All other 
methods of procedure employed have already been described in 
previous experiments. 
Results 
Chick weights at weekly intervals and 4-week feed con­
version data are presented in Table 7. It is observed that 
for none of the breeds studied was 0.8 mg of total vitamin 
93 
B6 per pound adequate for optimum growth. The lowest opti­
mum level of vitamin for all three breeds was 1.2 rag of 
total vitamin B5 per pound of ration. The data does not 
give any strong indication that these three breeds differ 
in growth response toward the levels of vitamin B^ fed in 
this experiment. 
Growth data was subjected to a simple regression an­
alysis and the linear regression lines along with the cor­
responding equations for the three breeds are shown in 
Figure 3. The differential rates of growth of these three 
breeds are quite obvious from the distribution of the re­
gression lines shown. Although the three breeds show dif­
ferent regression coefficients, 56.25, 61.00, and 79.00 for 
the Vantress X Arbor Acre, Rhode Island Red, and Single Comb 
White Leghorn respectively, these differences were not found 
to be statistically significant. 
An analysis of variance of 4-week feed conversion data 
is presented in the appendix. The table shows that the ef­
fect of different breeds on feed conversion was highly sig­
nificant (P < 0.01). This was expected since better feed 
conversion of the fast growing breeds is well established. 
Groups fed 0.8 mg of vitamin B^ per pound of feed, consider­
ing all breeds, had poorer feed efficiencies than those fed 
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any of the other higher levels of this vitamin. This is 
well illustrated in Table 7 by looking at 4-week feed con­
version data. There was no significant breed X vitamin B6 
interaction effect in feed conversion, indicating that these 
three breeds do not differ in this criterion with the dif­
ferent levels of vitamin B$ used. 
It is interesting to observe that in this experiment, 
using 0.8 mg of vitamin B$ per pound of ration in comparison 
to 0.5 mg used in the previous experiments, almost eliminated 
mortality. Number of survivors out of a total of 24 chicks 
started per treatment is indicated in Table 7. As far as 
mortality is concerned, the Single Comb White Leghorn seems 
to suffer more from a deficiency of this vitamin than the 
other two breeds studied. This, however, should not be 
given too much emphasis on the basis of this experiment's 
results, since the only obvious deficiency symptoms observed 
were reduced growth and poor feed efficiency. It should be 
noted, however, that regression analysis of weights on vita­
min level, had shown a trend toward a greater response 
of Leghorns to increasing vitamin B& as compared to the 
other breeds. 
Table 7. Effect of vitamin B5 on growth rate and feed efficiency of different 
breeds—Experiment III 
Breed Vitamin level 
(mg/lb) 
Average body weight3, gms 
4-week 
feed 
1 day 7 day 14 day 21 day 28 day conversion 
S.C.W.L. 0.8 38 67 101 144 198(21)b 2.40 
R.I.R. 0.8 40 70 116 178 258(24) 2.22 
Vantress X A.A. 0.8 42 83 153 241 358(24) 1.78 
S.C.W.L. 1.2 38 68 130 206 296(22) 2.16 
R.I.R. 1.2 40 77 146 229 332(24) 1.96 
Vantress X A.A. 1.2 42 92 179 283 406(24) 1.76 
S.C.W.L. 1.6 38 72 128 194 272(24) 2.23 
R.I.R. 1.6 40 78 144 222 312(23) 1.96 
Vantress X A.A. 1.6 42 88 180 293 430(24) 1.75 
S.C.W.L. 2.0 38 74 134 205 290(24) 2.06 
R.I.R. 2.0 40 79 150 228 330(23) 2.04 
Vantress X A.A. 2.0 42 89 179 290 424(24) 1.76 
aEach figure represents mean weight of 24 chicks. 
umber in brackets indicates number of survivors out of a total of 24 
started at end of 4 weeks. 
Figure 3. Regression of 4-week weights on vitamin level 
in three different breeds of growing chicks— 
Experiment III. 
97 
450 
400 
@ 
-Y = 325.75 + 56.25 X 
350 
OT 
S 
< 
oc 
-300 
CO 
H 
I 
CD 
W 
5 
*250 
o 
X 
o 
A 
Y = 222.60 + 61.00 X-
Y = 153.40 + 79.00 X 
200 a 
e e VANTRESS X ARBOR ACRE 
150 A A RHODE ISLAND RED 
1 H • SINGLE COMB WHITE LEGHORN 
-/Hi- J_ _L 0.8 1.2 1.6 
TOTAL VITAMIN Bg (mg./lb.) 
2.0 
98 
Experiment IV 
Purpose 
It was observed in the previous experiment that three 
out of the four levels of the vitamin used in studying 
the effect of breed on the requirement for this vitamin were 
adequate for optimum growth and feed efficiency. Further­
more, although the lowest level used (0.8 mg) resulted in 
poor growth and feed efficiency, it did not cause the mani­
festation of any clinical symptoms. This experiment was 
therefore designed to investigate effects of levels of vita­
min B5 (0.6, 0.8, 1.0 and 1.2 mg of total vitamin Bg per 
pound of ration) that are on a lower scale and of closer 
intervals than those used in the previous experiment. Cri­
teria measured were rate of growth, feed efficiency, SGO-T 
activity and other deficiency symptoms in the same three 
breeds as those used in Experiment III. 
Procedure 
Number and chicks used and allotment of treatments were 
the same as those described in Experiment III. The same 
semi-purified diet was fed at four different levels of vita­
min (0.6, 0.8, 1.0 and 1.2 mg per pound of ration). All 
other methods of procedure employed have already been 
described in previous experiments. 
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Results 
Table 8 presents weekly chick weights and 4-week feed 
conversion data. Starting with Single Comb White Leghorns, 
we observe that at the end of the first, second and third 
week, there is a linear improvement in weight with an in­
crease in the level of vitamin B6 from 0.6 up to 1.2 mg. 
At the end of the fourth week, however, the difference be­
tween groups receiving 1.0 and 1.2 mg B6 had largely disap­
peared. While at 3 weeks, chicks receiving 1.2 mg B^ weighed 
15 grams more on the average than those receiving 1.0 mg, at 
4 weeks this difference was only 9 grams. In the case of 
the Rhode Island Reds, weights at the end of first, second, 
third and fourth weeks are slightly different between those 
receiving 1.0 and 1.2 mgof vitamin B^, but the greatest dif­
ference is between 0.8 and 1.0 mg in which case the difference 
increases with age. The weights of the Vantress X Arbor 
Acre cross as shown in the table are not different between 
groups fed diets containing 1.0 and 1.2 mg B^ at the end of 
the first, second, third or fourth week. Analysis of vari­
ance for 4-week weight data as presented in the appendix shows 
a statistical significance between breeds and between treat­
ments, as would bê expected from the data presented in Table 
8. Furthermore, breed vs B^ level interaction also showed 
statistical significance. In order to find where this dif-
Table 8. Effect of vitamin B6 level on rate of growth and 4-week feed conversion— 
Experiment IV 
Breed 4-week feed 
(mg/lb) 1 day 7 day 14 day 21 day 28 day conversion 
S>C«W«L> 0.6 39 60 74 92 107 2.36 
R.I.R. 0.6 41 60 75 102 123 2.02 
Vantress X A. A . 0.6 41 80 107 144 180 1.77 
S.C.W.L. 0.8 39 66 101 138 188 2.41 
R.I.R. 0.8 41 68 103 150 208 1.88 
Vantress X A. A. 0.8 41 87 155 242 340 1.72 
SeCeWeLe 1.0 39 69 116 178 259 2.00 
R e I oR e 1.0 41 78 140 220 306 2.12 
Vantress X AoAo 1.0 41 92 180 283 429 1.66 
S «C eWeLe 1.2 39 72 129 193 268 2.10 
R • I oR • 1.2 42 84 152 236 332 2.10 
Vantress X AeAe 1.2 41 92 181 298 433 1.76 
*Each figure represents the mean of 24 chicks. 
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ference in breed response lies, the data was subjected to 
Duncan's multiple range test and the results are presented 
in Table 10. It is apparent that the difference lies between 
the Rhode Island Red and the other two breeds. While 1.0 mg 
B& treatment was significantly (P < 0.05) different from 1.2 
mg in the case of the Rhode Island Red, it was not in the 
case of the other two breeds. 
Growth data was also subjected to regression analysis 
and the linear regression lines along with the corresponding 
equations for the three breeds are shown in Figure 4. They 
represent typical growth curves with differing regression co­
efficients that were not found to be statistically signifi­
cant. 
Feed conversion data is presented in Table 8 and analyses 
of variance of the data will be found in the appendix. This 
indicates a highly significant difference between breeds in 
feed conversion, which confirms results presented in Experi­
ment III. It is surprising that differences between levels 
of vitamin did not attain significance as was the case in 
Experiment III. However, a greater range of B^ levels was 
used in Experiment III. There was a lot of variation in feed 
efficiency values which may have contributed to this lack of 
attaining significance. It should be pointed out also that 
this experiment was conducted during relatively hot weather 
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in the period of July 15 to August 12, I960. 
SGO-T activity determinations made at 4 weeks of age 
are presented in Table 9. A statistical analysis of the data 
was made and analysis of variance table is given in the appen­
dix. The table shows that the various levels of vitamin B, 
o 
used had a significant effect on SGO-T activity. Further 
statistical evaluation of the data by Duncan's multiple range 
test for separation of means is presented in Table 10. It is 
observed that means of SGO-T activity of Single Comb White 
Leghorns are not statistically significant which indicates 
that this breed's activity of this particular enzyme was not 
drastically reduced by lowering the vitamin B^ level in the 
diet. In both the Rhode Island Red and the Vantress X Arbor 
Acre cross, transaminase activity was not statistically dif­
ferent between groups fed 1.0 and 1.2 mg of vitamin B6 per 
pound of ration. Means of both levels and for both breeds, 
however, were statistically different (P < 0.05) from means of 
groups receiving 0.6 and 0.8 mg of vitamin B^. 
The relationship of transaminase activity to growth in 
the different breeds studied is graphically represented in 
Figure 5. The figure illustrates that the transaminase ac­
tivity was affected more by B& deficiency in the faster-
growing breeds. It also demonstrates that once an optimum 
level of vitamin B^ is reached, then there is no further in-
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Table 9. Effect of vitamin B6 level on SGO-T activity, 
mortality rate, and incidence of gizzard erosion-
Experiment IV 
Breed 
Vitamin B& 
level 
(mg/lb) 
4-week 
SGO-T 
(u/ml) 
Mortality Gizzard 
erosion 
SeCeWeLe 0.6 102Î22.4a 12/24 6/12 
R.I.R. 0.6 91Î 3.7 3/24 4/12 
Vantress X AeAe 0.6 66Î15.0 4/24 4/12 
SeCeWeLe 0.8 118Î18.1 2/24 2/12 
R el eRe 0.8 108Î16.7 2/24 3/12 
Vantress X A«Ae 0.8 90Î13.6 0/24 1/12 
SeCeWeLe 1.0 119Î18.4 0/24 3/12 
R e I eRe 1.0 145Î14.9 0/24 2/12 
Vantress X AeAe 1.0 142til.7 0/24 1/12 
S eCeVieLe 1.2 125t18.2 1/24 2/12 
R e I eRe 1.2 151Î 6.0 0/24 0/12 
Vantress X AeAe 1.2 142t21.2 0/24 1/12 
aMean - standard error. 
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Table 10. Separation of means by Duncan's multiple range 
testa—Experiment IV 
4 -week weights 
(grams) 
Vitamin B6 level (mg/lb) 0.6 
00 
•
 
o
 1.0 1.2 
Single Comb White Leghorn 107 188 259 268. b 
c 
Rhode Island Red 123 208 306 332 
c 
Vantress X Arbor Acre 180 340 429 433 
b 
c 
Serum glutamic-oxalacetic transaminase 
activity (u/ml) 
Single Comb White Leghorn 102 118 119 125 
b 
c 
Rhode Island Red 91 108 
b 
c 
145 
c 
151 
b 
c 
Vantress X Arbor Acre 66 90 142 142 
h 
b 
c 
c 
aMeans not joined by same continuous line are statis­
tically different. 
^Significant at the 0.05 level of probability. 
^significant at the 0.01 level of probability. 
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crease of transaminase activity as a result of an increase 
in vitamin B6 level. 
Deficiency symptoms observed in this experiment were 
similar to those observed in previous experiments. Single 
Comb White Leghorns showed a much higher mortality rate than 
either of the other two breeds as mortality data in Table 9 
indicates. Of the Single Comb White Leghorn chicks receiv­
ing 0.6 mg of vitamin , 50 percent died by the end of the 
fourth week, while only 12 to 16 percent of the other chicks 
receiving 0.6 mg of the vitamin died by that time. 
Gizzard erosion incidence data is also presented in 
Table 9. Incidence was highest in chicks receiving 0.6 mg 
of vitamin B& regardless of breed. This supports findings 
reported in earlier experiments, but also shows that gizzard 
erosion can not be completely eliminated by adding adequate 
levels of vitamin B^ to the diet. 
Experiment V 
Purpose 
A relationship has been demonstrated between vitamin B^ 
deficiency and cholesterol metabolism in various species. 
The nature of this relationship is not completely understood, 
but two nutrient interrelationships have been implicated. 
Figure 4. Regression of 4-week weights on vitamin 
level in three different breeds of growing 
chicks—Experiment IV. 
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One involves the effects of the "essential fatty acids" on 
cholesterol metabolism and the other involves the effects of 
nicotinic acid. This experiment was therefore designed to 
study the effects of diets adequate or deficient in vitamin 
B6, with or without one percent nicotinic acid and fat-free 
or with four percent soybean oil. Criteria considered were 
weight gains, feed efficiency, serum cholesterol, aorta weight 
and cholesterol, heart weight, total heart lipids and choles­
terol, liver weight, and total liver lipids and cholesterol. 
Procedure 
One-day-old cross-bred male chicks (Vantress X Arbor 
Acre) were kept on a fat-free semi-purified diet (Table 11, 
Diet 1) for one week, after which they were randomly assigned 
to 16 pens, each pen containing 6 birds. Two pens were 
allotted to each of 8 experimental diets under a randomized 
block design in which blocking was accomplished by using one 
battery for each block. The 8 experimental diets fed are 
presented in Table 11 and consisted of combinations of three 
factors, 1) adequate (2.0 mg/lb) or vitamin Bg deficient 
(0.5 mg/lb), 2) fat-free or 4 percent soybean oil added, 3) 
no added nicotinic acid or one percent added nicotinic acid. 
They were all made approximately isocaloric by substituting 
alçhacel in the added-fat diet for part of the dextrose. One 
percent nicotinic acid was added at the expense of a similar 
Table 11. Experimental diets (%)—Experiment V 
Ingredient 1 2 3 4 5 6 7 8 
Dextrose 68.75 68.75 67.75 67.75 60.75 60.75 59.75 59.75 
Isolated soybean 
protein (ADM) 22.00 22.00 22.00 22.00 22.00 22.00 22.00 22.00 
Soybean oil 0.00 0.00 0.00 0.00 4.00 4.00 4.00 4.00 
Non-nutritive fiber 
(Alphacel) 
Salt mixture3 
• 2.00 2.00 2.00 2.00 6.00 6.00 6.00 6.00 
5.30 5.30 5.30 5.30 5.30 5.30 5.30 5.30 
Vitamin mixture 1° 1.00 0.00 1.00 0.00 1.00 0.00 1.00 0.00 
Vitamin mixture IIe 0.00 1.00 0.00 1.00 0.00 1.00 0.00 1.00 
DL-methionine 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Glycine 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
Choline chloride (92%)0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
Nicotinic acid 0.00 0.00 1.00 1.00 0.00 0.00 1.00 1.00 
aSalt mixture consisted of the same components as that used in Experiment 
I, (Table 1). 
Witamin mixture I was identical with that used in Experiment I, (Table. 1), 
except that pyridoxine hydrochloride was added to supply a total of 2.0 mg of 
vitamin B6 per pound of ration. 
CVitamin mixture II was identical with that used in Experiment I, (Table 1). 
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amount of dextrose. Individual chick weights and pen feed 
weights were taken weekly. Blood samples were collected from 
three birds in each pen at the end of two and four week's of 
the experimental period. The birds from which blood samples 
had been obtained were sacrificed at the termination of the 
experiment by dislocation of the spinal cord, and hearts, 
livers and segments of the aortas removed as previously described 
in general experimental procedure. Feeding and management, col­
lection of data, chemical analyses of tissues, and statistical 
analyses were as described in general experimental procedure. 
Results 
Growth means at weekly intervals and feed conversion data 
are presented in Table 12. It is apparent from means of one-
week old chicks that when fed a fat-free diet adequate in all 
other nutrients for the first week of life, chicks did not 
attain satisfactory gains. Here again the effects of vitamin 
B§ deficiency were apparent on growth one week after putting 
chicks on the experimental diets, in spite of the fact that 
they all received an adequate amount of vitamin B& (2.0 mg 
total vitamin B^ per pound of ration) during the first week 
of life. This effect, however, was far more prominent at the 
end of the second week of the experimental period. 
The addition of soybean oil to vitamin B^-deficient diets 
gave some improvement in growth compared to the corresponding 
Table 12. Effect of vitamin , nicotinic acid and soybean oil on growth rate 
and feed efficiency—Experiment V 
Total 
vitamin 
(mg/lb) 
Added nico­
tinic acid 
(%) 
Soybean 
oil 
(%) 
Average 
. , (Age 
7 14 
weights in 
in days) 
21 28 
grams3 
35 
Feed con­
version 
0.5 - - 78 110 126 141 146 3.26 
0.5 1.0 - 77 112 133 149 157 3.00 
0.5 - 4.0 78 118 142 156 165 3.03 
0.5 1.0 4.0 78 118 138 162 170 3.09 
2.0 - - 78 134 216 302 385 1.90 
2.0 1.0 - 78 127 185 258 325 2.09 
2.0 - 4.0 77 130 216 325 418 1.85 
2.0 1.0 4.0 78 141 232 342 433 1.96 
aEach figure represents means of 12 chicks. 
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fat-free, vitamin 65-deficient diets. All diets, as mentioned 
in the procedure, were made approximately isocaloric. How­
ever, when soybean oil was added to a fat-free diet adequate 
in vitamin there was a greater improvement in growth, 
possibly because of the greater need for the "essential fatty 
acids" and/or an unidentified growth factor. This effect of 
soybean oil on growth was statistically significant as the 
analysis of variance table in the appendix shows. The addi­
tion of one percent nicotinic acid did not significantly in­
fluence growth indicating that the chick can tolerate high 
levels of this vitamin. When one percent was added to a fat-
free diet adequate in vitamin B^, there was a depression in 
growth. This depressing effect was apparent all through the 
experimental period (Table 12). 
Feed conversion data presented in Table 12 indicate that 
the main effect on feed efficiency is due to vitamin B^ de­
ficiency. The analysis of variance table in the appendix fur­
ther illustrates that the only statistically significant 
(P <0.01) effect is due to.vitamin Bf,. The best feed effi­
ciency (1.85) was obtained when vitamin B^ was adequate and 4 
percent soybean oil was added. 
Data on organ weights of chicks fed different levels of 
vitamin B^, nicotinic acid and soybean oil are presented in 
Table 13. It is observed that aortas of chicks fed vitamin 
Table 13. Body and organ weights of growing chicks fed different vitamin , 
nicotinic acid and soybean oil levels—Experiment V 
Dietary variables Body wt. Aorta wt. Heart wt. Liver wt. 
Total vitamin B6 Added nice- Soybean («rams) <mg/100g body weight Xg/100 g body 
(mg/lb) tinic acid oil 
(%) (%) 
0.5 - - 1461 6.28 13.lt0.74 1271 4.5 4.6+0.32 
0.5 1.0 - 157Î13.6 14.6+1.95 151+15.4 4.5^0.12 
0.5 - 4.0 165Î13.4 12.7+0.60 154+11.0 4.4+0.14 
0.5 1.0 4.0 170113.5 10.7t0.91 146ll8.5 4.llo.35, 
2.0 - - 385+14.5 6.8+0.66 15ll 7.8 4.5+0.36 
2.0 1.0 - 325Î15.6 7.9+0.66 170+12.1 5.5lo.38 
2.0 - 4.0 4181 8.4 6.5l0.57 166lll.2 4.210.34 
2.0 1.0 4.0 433Î13.2 6.1Î0.64 177tl4.5 4.6l0.35 
aAll values represent means 1 their standard errors. 
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-deficient diets weighed more, expressed in mg per 100 g of 
body weight, than those from chicks fed adequate vitamin B^. 
This difference in aorta weight was found to be statistically 
significant (P < 0.01). The addition of 4 percent soybean 
oil also showed a.significant effect (P ^  0.05) on aorta 
weight, and it is observed that the lowest values are of those 
groups fed 4 percent soybean oil in both vitamin B^-deficient 
and B^-adequate groups. This effect of soybean oil on aorta 
weight was not however as prominent as that of vitamin B5 
deficiency. Heart weights, also expressed in mg of dry tissue 
per 100 g of body weight, are lowest in groups fed vitamin 
B^-deficient diets. No significant difference in liver weight, 
expressed in g of fresh tissue per 100 g of body weight, was 
observed. Analyses of variance for organ weights are presented 
in the appendix. 
A summary of serum cholesterol data is presented in Table 
14. Each mean represents an average of determinations made 
at both two and four weeks after placing chicks on the ex­
perimental diets. Serum cholesterol was significantly higher 
in chicks fed vitamin B&-deficient diets than in chicks re­
ceiving diets with adequate vitamin Bg. The addition of one 
percent nicotinic acid did not significantly affect serum 
cholesterol levels. Addition of one percent nicotinic acid 
to vitamin B^-adequate diets gave only a slight depression 
Table 14. Effect of vitamin B&, nicotinic acid and soybean oil on tissue lipids 
and cholesterol--Experiment V 
Dietary variables Serum3 Aorta 
Vitamin Added Soybean choies- choies- Heart Liver 
Ba niacin oil terol terol Lipids Cholesterol Lipids Cholesterol 
(mg/lb) (%) (%) (mg %) (mg/100 g (%) (mg/g dry (%) (mg/g dry 
dry tissue) tissue) tissue) 
0.5 288+16.2% 442+51.7 20.111.72 12.910. 64 22.2t2.74 21.2+0.68 
0.5 1. 0 297tl3„5 473+20.9 17.8ll.99 13.3ll. 10 18.4ll.30 17.810.96 
0.5 4. 0 321^13.4 438144.6 17.312.17 13„ll0. 96 14.310.76 17.7ll.96 
0.5 1. 0 4. 0 312+16.4 493Î54.8 17.ll2.54 12.811. 06 15.4+0.47 17.4+1.25 
2.0 233+13.7 368132.6 32.9l2.27 17.6Î0. 98 24.6t2.58 24.6l3.88 
2.0 1. 0 222Î12.1 433137.9 33.6l2.98 16.4+1. 72 25.0l3.32 26.9l3.36 
2.0 4. 0 238Î10.1 423139.8 37.5ll.25 19.010. 79 18.5t0.50 15.5ll.83 
2.0 1. 0 4. 0 228Î14.2 452ll4.0 36.3l2.36 19„6l0. 96 20.6tl.21 19.2ll.98 
aSerum cholesterol data is combination of determinations made at end of 2 
and 4 weeks after placing chicks on experimental diets. 
t"All figures represent means + standard error. 
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in serum cholesterol compared with the corresponding adequate 
vitamin B^ diets. 
Aorta cholesterol values, expressed in mg per 100 g of 
dry tissue, are presented in Table 14. Neither one percent 
nicotinic acid nor 4 percent soybean oil had any significant 
effect on aorta cholesterol content. Vitamin B^-deficient 
chicks had a higher aorta cholesterol concentration than those 
receiving adequate vitamin B6. This difference, however, 
failed to attain statistical significance. A graphical repre­
sentation of the effects of vitamin B^ on both aorta weight 
and cholesterol content is presented in Figure 6. It defin­
itely indicates a similar trend in increase in both aorta 
weight and cholesterol content as a result of vitamin B^ de­
ficiency. Additional information on the relationship of aorta 
weight to cholesterol content was revealed by correlation 
analysis and Table 15 shows a positive r value, which was 
found to be significant. In the same table an r value for 
aorta cholesterol vs serum cholesterol is presented, which was 
also found to be significant. Increased aorta cholesterol 
content therefore appears to be associated with increased serum 
cholesterol in the chick. 
Table 14 shows the effect of various dietary variables 
studied on total lipid and cholesterol content of heart tis­
sue. It is observed that vitamin B&-deficient diets caused 
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Table 15. Simple correlation coefficients—Experiment V 
Variables Coefficient (r) 
Aorta weight vs aorta cholesterol 0.68 
Aorta cholesterol vs serum cholesterol 0.76 
Liver lipid vs liver cholesterol 0.87 
lower cholesterol and lipid content than did the correspond­
ing diets with adequate vitamin B^. This effect was signifi­
cant (P < 0.01) in both heart lipid and cholesterol. No 
significant difference due to the other dietary variables was 
observed. Values for total heart lipids are somewhat higher 
than was expected. This could be partially due to the method 
of analysis in which the whole heart with all the lipid ma­
terial deposited, particularly on its anterior surface, was 
dried and then the whole extracted. Figure 7 shows a graphi­
cal representation of the effect of vitamin B^ on total lipid 
and cholesterol content of heart tissue. Vitamin B^ deficiency 
appears to decrease both total lipids and cholesterol content 
of heart tissue. 
The effect of the dietary variables studied on total 
lipid and cholesterol of liver tissue is shown in Table 14. 
Liver lipids were significantly lower in vitamin B^-deficient 
groups than in vitamin B& adequate groups, but liver cholestèr-
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ol was not affected by vitamin B6. Soybean oil exerted a de­
pressing effect on both liver lipids and cholesterol and this 
effect was statistically significant in both. Correlation 
analysis of liver lipids vs liver cholesterol revealed a 
significant positive correlation for which the r value is 
given in Table 15. 
Symptoms of vitamin deficiency described in previous 
experiments were observed. Mortality, gizzard erosion and 
wing hemorrhage incidence are reported in Table 16. These 
confirm results reported in previous experiments on the effect 
of vitamin B$ deficiency on gizzard erosion and wing hemorrhage 
incidence. 
Table 16. Mortality and autopsy observations—Experiment V 
Dietary variables Gizzard Wing 
Vit. Ba Added Soybean Mortality erosion hemorrhage 
(mg/lb) niacin oil 
(%) (%) 
0.5 - - 6/12 10/10 5/12 
0.5 1.0 - 6/12 9/10 7/12 
0.5 - 4.0 7/12 10/12 9/12 
0.5 1.0 4.0 6/12 11/12 5/12 
2.0 - - 4/12 2/9 0/12 
2.0 1.0 - 4/12 1/6 1/12 
2.0 - 4.0 2/12 2/6 0/l2 
2.0 1.0 4.0 2/12 1/7 0/12 
Figure 6. Effect of vitamin B6 deficiency on aorta weight and cholesterol content 
in the growing chick—Experiment V. 
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Figure 7. Effect of vitamin B6 deficiency on total lipid and cholesterol content 
of heart tissue in the growing chick—Experiment V. 
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Experiment VI 
Purpose 
Realizing that among the dietary variables studied in 
Experiment V, vitamin B5 seemed responsible for most of the 
observed differences in cholesterol metabolism, different 
levels of this vitamin were studied in Experiment VI. The ef­
fects of deficient, adequate, and excessive levels of this 
vitamin were studied using the same criteria as those reported 
in Experiment V. 
Procedure 
One-day old crossbred male chicks (Vantress X Arbor Acre) 
were kept on a semi-purified diet adequate in vitamin for 
one week, after which they were randomly assigned to 9 pens, 
each containing 10 birds. The basal semi-purified diet is 
presented in Table 17. Three pens were allotted to each of 
three experimental diets under a completely randomized design. 
The three experimental diets varied only in the level of vita­
min B5, the total amount being approximately 0.5, 2.0 and 20.0 
mg per pound of diet. All other ingredients were identical as 
in the diet presented in Table 17. 
The same procedures were followed in feeding and manage­
ment, collection of samples and data, and chemical determina­
tions as in Experiment V. The analyses of variance were made 
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Table 17. Semi-purified diet—Experiment VI 
Ingredient Percent 
Dextrose 60.75 
Isolated soybean protein (ADM) 22.00 
Soybean oil 4.00 
Non-nutritive fiber (Alphacel) 6.00 
Salt mixture0 5.30 
Vitamin mixture13 1.00 
DL-methionine 0.50 
Glycine 0.20 
Choline chloride 0.25 
aSalt mixture consisted of the same components as that 
used in Experiment I, (Table 1). 
^Vitamin mixture was identical with that used in Experiment 
I, (Table 1), except that pyridoxine hydrochloride was added 
to supply a total of 2.0 mg vitamin per pound of ration. 
according to Snedecor (1957). Interaction effects between "no 
added pyridoxine" and "added pyridoxine" and "2.0 mg" vs "20.0 
mg" were calculated using Snedecor1s tests of designed compari­
sons among means. 
Results 
Average weights at weekly intervals for the three dietary 
treatments are presented in Table IS. Differences in growth 
Table 18, Effects of hypo- and hypervitarainosis on chick growth, feed conver­
sion and SGO-T activity—Experiment VI 
Age in days 4-week 
Total vitamin B& ^ J4 3! 28 feed 
(mg/lb) Body wt. Body wt. Body SGO-Tb Body SGO-T conversion 
wt. u/ml wt. u/ml 
0.5 96 145 164 65.8+2.74 173 64.3Î3.21 4.25 
2.0 96 184 304109.7+5.67 393 116.ltll.93 2.10 
20.0 96 186 298 108.8+11.32 400 136.2^5.71 2.19 
3Each figure represents an average of 30 birds. 
^Each figure represents the mean t standard error of 9 determinations 
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rate between the vitamin -deficient chicks and those receiv­
ing some pyridoxine are observed a week after putting chicks 
on the experimental diets. Adding approximately 10 times the 
normal level of vitamin B& to the diet did not seem to affect 
growth to 4 weeks of age. Feed conversion values to 4 weeks 
are also presented in Table 18. Statistically significant 
differences in feed efficiency were obtained due to the poor 
feed efficiency of chicks fed vitamin B^-deficient diets. No 
significant differences in feed conversion were observed be­
tween groups fed 2.0 and 20.0 mg of vitamin B^ per pound of 
feed. Analyses of variance tables for 4-week body weights 
and 4-week feed conversion are presented in the appendix. 
SGO-T activity data for both 2 and 4-week determinations 
are presented in Table 18. Statistical analysis of combined 
2 and 4-week data revealed a highly significant difference be­
tween groups receiving a vitamin -deficient diet and those 
receiving diets either adequate or excessive in vitamin B6 
content. Transaminase activity seemed to increase slightly 
between 2 and 4 weeks in both groups receiving 2.0 and 20.0 
mg of vitamin B5, but more so in those receiving 20.0 mg. No 
change in the activity is observed in vitamin B5-deficient 
groups. The relationship of body weight to SGO-T activity was 
revealed by correlation analysis which showed a high positive 
correlation. Correlation coefficient (r) for body weight vs 
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SGO-T activity is given in Table 21. 
Effects of hypo- and hypervitarainosis on organ weights 
are presented in Table 19. Essentially, the results confirm 
those obtained in Experiment V along with further observations. 
Again, aorta weights of chicks fed a vitamin -deficient diet 
were heavier than those fed either adequate or excessive levels 
of this vitamin. This difference was statistically significant 
(P < 0.01). Heart weights, expressed in mg of dry tissue per 
100 g of body weight, are lowest in groups fed vitamin B^-
deficient diets. The differences in heart weights were not 
statistically significant, however, between any of the treat­
ments. Likewise, no significant difference in liver weight was 
observed. 
Serum cholesterol values are presented in Table 20 and 
represent means of determinations made at two and four weeks 
of age. Chicks fed vitamin B6-deficient diets had signifi­
cantly higher serum cholesterol levels than those receiving 
diets with added pyridoxine at both two and four weeks of age. 
While this experiment was in progress, it was brought to 
our attention that fasting may cause an elevation in serum 
cholesterol (Dam et al., 1959; Altschul and Smart, 1961) and 
that part of the significant difference in serum cholesterol 
observed may have been due to the starvation that vitamin B^-
deficient chicks were undergoing. Accordingly, feed was with-
129b 
Table 19. Effects of hypo- and hypervitaminosis on body 
and organ weights of growing chicks—Experiment VI 
Measurements 
Total vitamin B6 
(mg/lb) 
0.5 2.0 20.0 
Body wt. 
(gms) 
173+4.8* 393+8.1 400Î5.9 
Aorta wt. b 
(mg/100 g body wt.) 
ll.6t0.38 8.2Î0.33 8.6*0.22 
Heart wt. 
(mg/100 g body wt.) 
134*4.2 145*3.3 151Î5.0 
Liver wt. 
(g/100 g body wt.) 
3.010.11 3.0^0.14 2.86Î0.09 
aAll values represent means îtheir standard errors. 
bAorta and heart weights are expressed in mg of dry tissue 
per 100 g of body weight. 
cLiver weights are expressed in g of fresh liver per 100 g 
of body weight. 
held for 24 hours from all groups before taking blood samples 
at 4 weeks of age. It was observed that the difference in 
serum cholesterol between chicks fed vitamin B^-deficient and 
those fed vitamin B&-adequate diets persisted. Adding up to 
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20.0 mg of vitamin B5 per pound of feed did not significantly 
affect serum cholesterol levels as values in Table 20 clearly 
demonstrate. 
Table 20. Effects of hypo- and hypervitaminosis on tissue 
lipids and cholesterol—Experiment VIa 
Total vitamin B^ (mg/lb) 
Measurements 0.5 2.0 " 20.0 
Serum cholesterol 258Î10.9b 164Î6.0 166Î7.3 
(mg %) 
Aorta cholesterol 470Î40.3 410Î27.5 428Î27.8 
(mg/100 g dry tissue) 
Heart lipids 23.6+2.45 29.8Î2.00 28.6tl.44 
(%) 
Heart cholesterol 15.1Î0.48 16.8t0.62 17.3t0.50 
(mg/g dry tissue) 
Liver lipids 11.6t0.53 12.5t0.83 13.4+0.44 
(%) 
Liver cholesterol 19.2to.67 I9.8t0.59 20.0t0.38 
(mg/g dry tissue) 
aAll values represent means t their standard errors. 
^Serum cholesterol data is combination of two deter­
minations made at end of 2 and 3 weeks after placing chicks 
on experimental diets. 
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Vitamin B^-deficient chicks had higher cholesterol content 
in the aorta than those receiving added pyridoxine, but this 
difference was not statistically significant. A graphical 
representation of the effects of hypo- and hypervitaminosis 
B^ on both aorta weight and aorta cholesterol is shown in 
Figure 8. Further statistical evaluation of this relationship 
was made by correlation analysis and a positive significant 
correlation was obtained. Simple correlation coefficient (r) 
for aorta weight vs -aorta cholesterol is given in Table 21. 
Total lipid and cholesterol content of heart tissue is 
presented in Table 20. Vitamin B6-deficient diets caused lower 
lipid values than did the diets supplied with added pyridoxine. 
This difference, however, was not statistically significant. 
Total heart cholesterol concentration increased as the level 
of vitamin B$ was increased, but these differences were not 
found to be statistically significant. 
The effects of hypo- and hypervitaminosis B^ on total liver 
lipids and cholesterol are presented in Table 20. Neither liver 
lipids nor cholesterol were significantly affected by vitamin 
B6 deficiency or excess. There is a gradual but small increase 
in both as the level of vitamin B& is increased in the diet. 
This is further illustrated in Figure 9 where a step-up effect 
is shown in both total liver lipid and cholesterol. Correla­
tion analysis revealed that a significant positive correlation 
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exists between liver lipids and liver cholesterol. Simple 
correlation coefficient for liver lipids vs liver cholesterol 
is reported in Table 21. 
Symptoms of vitamin Bg deficiency reported in previous ex­
periments were observed in this experiment. Mortality record, 
gizzard erosion and wing hemorrhage incidence are presented in 
Table 22a. It is observed that mortality was very low in 
groups fed 0.5 mg of vitamin B5 per pound of feed. This was 
no doubt due to the fact that all chicks were kept on a vita­
min B^-adequate diet supplied with 4 percent soybean oil for 
the first week of life. Another reason was the length of the 
experimental period, which was only three weeks in this case. 
Gizzard erosion and wing hemorrhage data are quite similar 
to those reported in the previous five experiments. One of 
the symptoms observed in chicks fed 0.5 mg of vitamin B^ per 
pound of ration was atonic crops. This condition was closely 
observed in this experiment and about 30 percent of the de­
ficient chicks showed such a condition. This symptom was pre­
viously described and its implications to vitamin B$ briefly 
discussed in Experiment II. 
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Table 21. Simple correlation coefficients—Experiment VI 
Variables Coefficient (r) 
Body weight vs serum glutamic-oxalacetic 
transaminase 0. 94 
Aorta weight vs aorta cholesterol - 0. 72 
Aorta cholesterol vs serum cholesterol 0. 74 
Liver lipid vs liver cholesterol 0. 66 
Table 22a. Mortality and autopsy observations—Experiment VI 
Total vitamin B6 (mg/lb) Mortality Gizzard Wing 
erosion hemorrhage 
0.5 2/30 18/27 6/30 
2.0 1/30 3/12 0/30 
20.0 1/30 2/12 0/30 
Figure 8. Effect of hypo- and hypervitaminosis B6 on aorta weight and 
cholesterol content in the growing chick—Experiment VI. 
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Ascertainable truth is piece-meal, 
partial, uncertain, and difficult. 
B. Russell 
GENERAL DISCUSSION 
Vitamin B^ Requirement of the Chick 
The vitamin B& requirement for the growing chick has 
been investigated in Experiments I, II, III and IV» These 
experiments have been carried out at different,times of the 
year, but with very little variation in management procedures. 
Results presented in Experiment I indicate that among 
the levels of vitamin B^ studied, 1.5 mg of total vitamin B^ 
per pound of feed was the minimum level that gave optimum 
growth and feed efficiency responses. This agrees with the 
report of Hogan et- al. (1941) who estimated the requirement to 
be between 300 and 500 meg per 100 grams of feed. The experi­
ments of these workers, however, involved only these two 
levels of vitamin B6. Briggs e_t al. (1942) estimated the 
vitamin B^ requirement of chicks at 275 to 300 meg per 100 
grams of feed since higher levels produced no increase in 
growth rate. Fuller and Field (1958) reported that the vita­
min B(j requirement of broiler chicks is between 1 and 2 mg 
per pound of feed with maximum growth at 1.5 mg per pound. 
With a purified diet, 1.5 mg of vitamin B$ per pound of ra­
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tion was found by Fuller and Kifer (1959) to give maximum 
growth and feed efficiency. These workers did not study, 
however, levels between 0.5 mg and 1.5 mg of vitamin 
per pound of feed. 
This was attempted in Experiment II, in which five 
levels of vitamin B6 were studied and were chosen at closer 
intervals than in Experiment I. Results obtained in Experi­
ment II show no significant differences in weight at 4 weeks 
or 4-week feed conversion between groups fed 1.0 and 1.5 mg 
of vitamin B5 per pound of feed. This finding is supported 
by Kratzer e_t al. (1947) who concluded that chicks required 
200 meg of vitamin 85 per 100 grams of feed for optimal rate 
of growth on the basis of feeding six different levels of 
this vitamin. Therefore, for optimum growth and feed ef­
ficiency, the vitamin B6 requirement of broiler chicks up to 
4 weeks of age is about 1.0 mg of total vitamin B6 per pound 
of feed (under the conditions of Experiment II). Since half 
of this amount of vitamin B^ in our ration is crystalline 
pyridoxine hydrochloride, the question could be raised as 
to whether naturally occurring sources of vitamin B6 in 
broiler rations are as available to the chick as is this 
crystalline form. It should be emphasized, therefore, that 
this requirement is based partially on crystalline pyridoxine 
hydrochloride. This factor is probably one of the reasons 
for certain discrepancies in reports on vitamin B^ require-
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ments. This point is raised because previous work has in­
dicated differences in the activity of the different forms 
of vitamin for the chick (Luckey et: aJL., 1945; Sarma ejt 
al., 1946; Waibel et al., 1952). 
The purpose of Experiments III and IV was to study the 
effects of breed on the vitamin B& requirement of the chick. 
The results of Experiment III, in which four different 
levels of vitamin (0.8, 1.2, 1.6, 2.0 mg per pound of 
feed) were studied, did not give any strong indication that 
the three breeds studied differ in growth response toward 
the levels of vitamin B& fed. At the same time there was 
no significant breed vs vitamin B5 level interaction effect 
in feed conversion. In Experiment IV, we have observed that 
4-week weight data showed statistical significance in breed 
vs vitamin B$ level interaction. In the case of the Rhode 
Island Red, 4-week weight of chicks fed a ration containing 
1.0 mg of vitamin B^ per pound was inferior to that achieved 
with 1.2 mg per pound of feed. Single Comb White Leghorns 
fed the vitamin B&-deficient diet (0.6 mg) showed a much 
higher mortality rate than either of the other two breeds. 
Thornton and Shutze (1960) showed that, on thiamine-deficient 
diets, the percent mortality as well as a shorter survival 
time was more evident in Leghorns than in New Hampshire X 
Delaware cross chicks. 
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Since no critical work has been found in the literature 
on the effect of different breeds on the vitamin require­
ment of the chick, results obtained in Experiments III and 
IV can not be discussed and evaluated in comparison to pre­
vious work. Lucas ejt ^1. (1946) suggested a high require­
ment of vitamin B6 for a Rhode Island Red X Barred Plymouth 
Rock cross. This suggestion was based on observations of 
symptoms similar to vitamin deficiency symptoms in -chicks 
receiving diets considered adequate in vitamin B^. However, 
the basal diets used in their studies were not what is con­
sidered today as adequate due to a number of reasons. 
The second major criterion that was studied in the 
evaluation,of vitamin B6 nutrition in the chick was SGO-T 
activity. The activity of this transaminase was determined 
in Experiments I, II, IV and VI. In all four of these ex­
periments, it was shown that SGO-T activity reflects the 
severity of a vitamin B5 deficiency. The groups receiving 
the vitamin B^-deficient diet (0.5 mg) in Experiment I had 
about 45 percent of the transaminase activity of those re­
ceiving vitamin B^ adequate diet. This finding is in agree­
ment with March et. _al. (1955) who showed that the level of 
aspartic-glutamic transaminase activity in whole blood was 
depressed in monkey and man when the intake of vitamin 
was lowered. Sass and Murphy (1958) found that administra-
142 
tion of 25 mg pyridoxine per day reversed a significant drop 
in glutamic-oxalacetic transaminase activity in whole blood 
of human patients. A group of other vitamins did not cause 
this type of reversal. 
Increasing the total vitamin content to 4.5 mg per 
pound in a semi-purified diet, slightly increased SGO-T 
activity in Experiment I, but differences were not statis­
tically significant. Goswami and Robblee (1958) showed that 
feeding pyridoxine at a level in excess of the chick's re­
quirement did not result in any increase in blood aspartic-
glutamic transaminase activity over those receiving the re­
quirement level. 
In comparing SGO-T activity of 2 and 4 week determina­
tions in Experiment I, we find that there was a slight in­
crease in activity from 2 to 4 weeks in groups receiving 2.5 
and 4.5 mg of vitamin B$ per pound of feed, while no change 
in those receiving 0.5 and 1.5 mg per pound of feed. This 
slight increase from 2 to 4 weeks in transaminase activity 
was also observed in Experiment VI in groups receiving 2.0 
and 20.0 mg of vitamin B& per pound of ration, the increase 
being greater in those receiving 20.0 mg per pound. No 
change in activity was observed in those chicks receiving 
0.5 mg of vitamin B5 per pound of feed. Goswami and Robblee 
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(1958) found that in total food, aspartic-glutamic transamin­
ase activity did not change from 2 to 4 weeks of age. when the 
highest level of vitamin was 600 meg of pyridoxine per 100 
grams of ration. 
It was observed in Experiment II that groups receiving 
1.0 mg of total vitamin B6 per pound of feed had lower SGO-T 
activity than those receiving 1.5 mg per pound of feed. 
Growth rates, however, did not differ up to 4 weeks. This 
raises the question whether 1.0 mg of vitamin B6 is actually 
sufficient for optimum SGO-T activity or whether it is margin­
al and hence only after four weeks may produce inferior growth 
as compared to 1.5 mg of vitamin B&. In other words SGO-T 
activity may be a criterion that is affected sooner than growth 
in cases of inadequate or marginal vitamin B^ nutrition in the 
chick. 
We have shown in Experiment IV that SGO-T activity dif­
fers in different breeds, particularly when the intake of 
vitamin B^ is low or marginal. The severity of decrease in 
SGO-T activity seems to be more prominent in the faster grow­
ing breeds than in slower ones. This further illustrates the 
validity of the high positive correlation obtained in Experi­
ment VI between growth and SGO-T activity. The effect of breed 
on SGO-T activity or on any other transaminase has not been 
previously studied. 
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Brin et: al. (I960) reported on the activity of two plasma 
transaminases in the growing and in the adult rat. In young 
rats fed vitamin B5-deficient diets for 2 to 4 weeks, the 
alanine enzyme was depressed more markedly (85%) than the 
aspartic enzyme (63%). In adult rats, the alanine enzyme was 
also more depressed. (60%) than the aspartic enzyme (22%). 
However, the important point here is that the total effect 
was not as great in adult rats as in the younger growing ani­
mals. This further demonstrates the relationship of growth 
to SGO-T activity. 
In concluding this section on the vitamin requirement 
of the chick, it is important that we consider in a broad as­
pect the precision and sensitivity of the two major criteria 
used to estimate the dietary adequacy. 
Bliss and Gyorgy (1951) suggested the use of two statis­
tics in measuring the sensitivity and precision of a particu­
lar criterion employed in biological studies. These are the 
steepness of the response curve and the extent to which indi­
vidual observations vary about the mean response line. In 
order to measure these two parameters, the above authors made 
use of the statistic lambda which is simply the standard de­
viation of the response divided by the linear regression co­
efficient of that particular response criterion. We have made 
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use of this lambda value and lambdas for 4-week weights,and 
SGO-T activity of Experiments I, II and IV are presented in 
Table 22b. In all three of these experiments, 12 chicks were 
used per pen and each pen was considered as one experimental 
unit. 
Table 22b. Comparison of the sensitivity of 4-week chick 
weights vs SGO-T activity in investigating 
the vitamin Be requirement of the chick using 
the statistic lambda (X) 
Experiment number 4-week weight SGO-T activity 
and breed used (grams) (u/ml) 
I. Vantress X Arbor Acre 0.154 0.300 
II. Vantress X Arbor Acre 0.095 0.581 
IV. Vantress X Arbor Acre 0.084 0.166 
Rhode Island Red 0.098 0.224 
Single Comb White 
Leghorn 0.128 0.627 
Average 0.112 0.380 
Since a low lambda value indicates high sensitivity, it 
can readily be seen that 4-week weight is a more precise cri­
terion than SGO-T activity in all three experiments. This is 
also clearly shown in average values. It is observed that 
lambda values decrease and hence sensitivity is improved from 
Experiment I to II and from II to IV considering the same breed 
of chicks. The major reason for this lower lambda value is 
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the use of smaller intervals between vitamin levels and 
less levels beyond the one where no appreciable response is 
obtained. This is particularly prominent in 4-week weight 
lambda values. 
It is interesting to observe that within Experiment IV, 
lambdas for both 4-week weight and SGO-T activity of the 
Vantress X Arbor Acre cross are lower than those for the other 
two breeds. Likewise, lambdas of Rhode Island Reds for both 
4-week weight and SGO-T activity are lower than those of 
Single Comb White Leghorns. This demonstrates that the sensi­
tivity of these two criteria increases with an increasing rate 
of growth. 
The above comparison of the precision and sensitivity of 
4-week chick weights and SGO-T activity in investigations of 
vitamin B^ nutrition in the chick using the statistic lambda, 
leads to the conclusion that growth remains the preferred 
criterion in vitamin assays in the chick. Furthermore, 
the fast growing breeds, such as the modern broiler crosses, 
are more desirable to use for such assays than the White Leg­
horn. 
Vitamin B$ Deficiency Symptoms 
The early onset of vitamin B6 deficiency symptoms in 
chicks fed severely deficient semi-purified diets observed 
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in these studies have previously been reported by Fuller and 
Kifer (1959). Nervous symptoms consisting of hyperexcitabili­
ty and various convulsive movements were particularly striking 
in Experiments I and II where 0.5 mg of total vitamin were 
fed starting at one day of age. Similar nervous manifesta­
tions in vitamin B^ deficient chicks were first described by 
Jukes (1939). Decreased appetite, lack of growth and extreme 
weakness have been reported in practically all papers dealing 
with vitamin B6 deficiency. 
The importance of vitamin B6 in erythropoiesis has been 
suggested by several workers. Our observations of the presence 
of hemorrhages in various areas of the body is probably a 
manifestation of this disturbance. These hemorrhages as we 
have stated earlier were particularly striking around folli­
cles of the wing feathers. Luckey et al.. (1945) indicated 
that vitamin B^ deficiency in chicks included a decreased 
clotting time and anemia. This was also observed by Hegsted 
and Rao (1945) in young ducklings suffering from an acute 
deficiency of vitamin B^. 
Vitamin B^ deficiency significantly increased the inci­
dence of gizzard erosion in all experiments in which it was 
studied. A summary of this manifestation in Experiments I, 
II, IV, V and VI is presented in Table 23. It should be 
pointed out at the outset that gizzard erosion is a complex 
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pathological manifestation which appears to be due to several 
factors, nutritional or otherwise. Our data indicates that 
vitamin is possibly one of the nutritional factors involved. 
In a study of the formation of gizzard erosion in the 
• young chick, Lansing et al. (1939) suggested that gizzard 
erosion incidence was high in chicks one to two days of age. 
In order to check the incidence of erosion in one-day old 
chicks used in our experiments, 40 chicks were autopsied at 
one day of age. Out of the 40 chicks autopsied, three showed 
extensive discoloration with protrusions (raised areas) that 
could be simulated to erosions. Another 14 chicks showed 
definite discoloration of certain areas with the color vary­
ing from dark green to light brown instead of the normal yel­
low color, but no raised areas. Whether these discolorations 
are beginnings of true gizzard erosion is questionable. 
The implication of vitamin B6 in gizzard erosion has not 
been previously reported in the literature. Bird e_t al. (1936a) 
observed characteristic lesions in the gizzard lining while 
s tudying a factor at that time called vitamin B4. It is quite 
possible that vitamin could have been part of this so-called 
vitamin B4 factor. In studying the essential nature of vita­
min B6 for chicks, Hegsted et. aj.. (1940) reported severe giz­
zard erosions in chicks fed some of the basal diets used. No 
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Table 23. Gizzard erosion incidence—Summary of experiments 
I, II, IV, V and VI 
Total number of chicks used in above experiments 714 
Total number of chicks autopsied in above experiments 415 
Number of chicks autopsied receiving less than 152 
1.0 mg of vitamin 
% incidence in the above group 68 
Number of chicks autopsied receiving 1.0 mg 263 
or more vitamin B& 
% incidence in the above group 17 
indication was given, however, as to which diet was actually 
responsible for the erosion. 
Growth rate as a factor in gizzard erosion has been re­
ported by Halraan (1942). This factor needs to be considered 
here because of the definite differences in growth rate be­
tween chicks fed vitamin B6-deficient and adequate diets. 
This author pointed out that the incidence of gizzard erosion 
was increased with an increase in growth rate. Hence, on the 
basis of this observation, the incidence should have been 
higher in the fast growing birds rather than the deficient 
birds. 
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Vitamin B5 and Cholesterol Metabolism in the Chick 
On the basis of work involving several species, a bio­
chemical interrelationship has been suggested between vitamin 
and cholesterol metabolism. The exact nature of this in­
terrelationship is not yet understood. An attempt was made 
in Experiments V and VI to study the effect of vitamin B^ on 
cholesterol metabolism in the growing chick by determining 
changes, if any, in total lipid and cholesterol content of 
various tissues. 
Serum cholesterol was found in Experiment V and later 
confirmed in Experiment VI to be significantly higher in 
chicks fed vitamin B^-deficient diets than in chicks receiving 
diets adequate in vitamin B^. Several reports have appeared 
to date in support of this finding in work with monkeys 
(Rinehart and Greenberg, 1951), dogs (Mushett and Emerson, 
1956), chicks (Dam ejt _al., 1958), and rats (Goswami and Sadhu, 
1961). Changes in aorta weight and cholesterol content were 
also observed in both Experiments V and VI. Aortas of chicks 
fed vitamin B6-deficient diets weighed more, expressed in mg 
per 100 grams of body weight, than those from chicks fed ade­
quate vitamin B^. The cholesterol content of aortas from 
vitamin Bg-deficient chicks was higher than cholesterol con­
tent of aortas from chicks fed adequate vitamin B^, but the 
differences were not statistically significant. Although the 
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occurrence of atherosclerosis in those aortas was not observed, 
the higher incidence of atherosclerosis in the vitamin B^-
deficient chicks could be inferred since weight of the aortas 
has been used in certain studies as one of the criteria in 
the evaluation of atherosclerosis, the other two criteria used 
being visual observation and cholesterol content. Rinehart 
and Greenberg (1949) were the first to observe that rhesus 
monkeys kept on a vitamin B^-deficient diet for a prolonged 
period of time tended to produce more advanced arteriosclerotic 
lesions than those found in the control animals. A higher 
cholesterol content in the aortas of vitamin B^-deficient 
chicks compared to those receiving adequate pyridoxine was 
reported by Dam ejt ail. (1958). This was recently shown to be 
true in rats by Goswami and Sadhu (1961) who observed increased 
deposition of cholesterol in the thoracic and abdominal seg­
ments of the aorta. Swell ejt _al. (1961) in a study with 
rabbits to ascertain whether arachidonic acid or linoleic acid 
and pyridoxine could influence the course of atherogenesis, 
reported that groups receiving linoleic acid and vitamin B^ 
supplement had the lowest degree of atherosclerosis of the ex­
perimental groups. The same group had a lower aorta choles­
terol level than any of the remaining cholesterol-fed groups, 
but the differences were not statistically significant. 
The question has been raised as to whether the method of 
expressing aorta weight in terms of mg per.100 grams of body 
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weight is valid and hence whether the differences observed in 
aorta weights between vitamin B^-deficient chicks and those 
fed adequate vitamin B^ are true treatment differences. The 
implication here being that the growth of blood vessels may 
not follow total body growth as is true of other body organs. 
In an attempt to resolve this problem, the relationship of 
body weight to aorta weight at 4 weeks of age in both vitamin 
B^-deficient and adequate chicks was studied using data ob­
tained in Experiment VI. The parabola Y = aX*3 was used for 
relating body weight to aorta weight. This was suggested by 
Brody (1945, pp. 610-642) to be the most satisfactory empiri­
cal equation for relating part to part or to whole of struc­
ture in animals of different size. The applicability of this 
equation to data means that an increase of 1 percent in X is 
associated with an increase of b percent in Y. Thus the equa­
tions relating aorta weight to body weight shown in Figure 10, 
merely state that a body weight increase of 1 percent is as­
sociated with an aorta increase of 0.935 percent in the case 
of vitamin B^-deficient chicks and 2.840 percent in vitamin 
B^-adequate chicks. Hence, it appears that aorta weight in­
creases at a faster rate in faster growing chicks and con­
tinues to increase with body weight. Furthermore, aorta 
weight seems to be related more to body weight than to age and 
once there is a decrease in rate of total body growth, a 
similar decrease in rate of aorta growth is observed. Brody 
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used the above parabola successfully for relating many viscer­
al organ weights to body weight. Although work on blood ves­
sels was not reported, he observed that the weight of blood 
and heart have the highest value of b. The blood and heart 
were found to come nearest to varying directly with body weight 
in mature animals of different species. 
Biochemical and physiological effects of the various B-
vitamins have been measured ever since their recognition as 
vitamins. Little is known, however, of the alterations in­
duced in the body, if any, by very high amounts of these vita­
mins. It was pointed out in Experiment V that the addition of 
1 percent nicotinic acid did not significantly influence 
growth, indicating the tolerance of chicks for high levels of 
this vitamin. It was also observed in the same experiment that 
1 percent nicotinic acid did not significantly affect serum 
cholesterol levels. This is in contrast to certain reports 
indicating an important effect of nicotinic acid in lowering 
serum cholesterol in both animals and man. Most of these re­
ports point out that the effect is mainly on hypercholestere­
mia animals rather than on normal ones. However, in this work, 
nicotinic acid had no significant effect in counteracting the 
hypercholesteremia induced by vitamin B^ deficiency. This 
leads one to believe that whether nicotinic acid is an effec­
tive hypercholesteremia agent may actually depend on what is 
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causing the hypercholesteremia. Gaylor ejt ad. (I960) reported 
that 1 percent nicotinic acid fed in cholesterol-containing 
diets (0.5%) depressed blood cholesterol level of chicks, but 
did not alter the blood cholesterol level of rats fed a hyper-
cholestrolemia-inducing diet. Apparently, the use of nico­
tinic acid as a therapeutic agent (3-6 grams daily) to lower 
the level of cholesterol in human blood is currently practiced 
by some physicians (Goldsmith et_ al., 1959). 
The addition of high levels of vitamin (20.0 mg per 
pound of feed) in Experiment VI did not significantly affect 
growth to 4 weeks of age. The effects of excess pyridoxine 
on growth and reproduction in rats was studied by Morrison and 
Sarett (1959). Their results showed that feeding 34 mg of 
pyridoxine per pound of diet had no effect on weight or re­
productive performance of those animals. Furthermore,, the 
effects of hypervitaminosis B^ on cholesterol concentration 
of various tissues was also studied in the same experiment. 
Neither serum cholesterol nor the cholesterol concentration 
of any of the tissues studied was significantly affected by 
the addition of 20.0 mg of vitamin B& per pound of feed. 
Evidence has been presented based on the results of Ex­
periments V and VI for further confirmation of a possible in­
volvement of vitamin B, in cholesterol metabolism of the chick. 6 
Figure 10. Log. aorta weight on log. body weight of 4-weelc 
old chicks in groups receiving vitamin 
deficient diets (0.5 mg per pound of feed) and 
vitamin B^-adequate diets (2.0 mg per pound of 
feed)—Experiment VI. 
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Two approaches have been taken by workers in this area in at­
tempting to explain this relationship. One proposes an in­
direct role of vitamin in cholesterol metabolism in which 
the metabolically active form, pyridoxal phosphate, is neces­
sary for the enzyme system involved in catalyzing the synthe­
sis of a metabolite which has been shown to influence choles­
terol metabolism. Two metabolic involvements have been offer­
ed for this first approach: 1) The essential fatty acids have 
been shown to influence the mobilization and deposition of 
cholesterol. Hence this indirect effect of vitamin B6 on 
cholesterol metabolism is through its effect on the essential 
fatty acids since pyridoxal phosphate is needed for the synthe­
sis of some of the essential fatty acids. 2) Nicotinic acid 
has been shown by some workers to depress serum cholesterol 
of hypercholesteremia animals. At the same time pyridoxal 
phosphate is known to stimulate the in vivo conversion of 
tryptophan to nicotinic acid. It is not clear as to how ef­
fective this system is in the chick, since on the basis of 
indications showing that no xanthurenic acid was recovered 
from urine of vitamin B^-deficient birds, differences in 
tryptophan metabolism can not be eliminated. 
The second approach to this problem proposes a more di­
rect effect of vitamin B^ on synthesis and/or breakdown of 
cholesterol. Shah et_ al. (I960) have shown that vitamin B^ 
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deficiency in rats enhanced the incorporation of labeled 
acetate into cholesterol. This enhanced incorporation could 
be reversed by injecting pyridoxine hydrochloride. The re­
sults reported here are suggestive of a direct involvement of 
vitamin in the anabolism and/or catabolism of tissue cho­
lesterol in the growing chick. They further indicate that the 
effect of vitamin B^ on cholesterol metabolism in the chick 
is not through its effect on nicotinic acid synthesis. 
On the basis of known metabolic functions of viâamin B&, 
it is proposed that the major effect could be due to disturb­
ances in protein metabolism. More specifically, the reduced 
transamination resulting from a deficiency of vitamin B^ 
possibly leads to an accumulation of several acids of the 
citric acid cycle, mainly alpha-lcetoglutaric and oxalacetic 
acid that are prominent in transamination reactions. This 
obviously results in excess formation of acetate units that 
could be utilized for cholesterol synthesis. Since body 
tissues tend to maintain their relative cholesterol content 
by increased or decreased synthesis, an accumulation of 
cholesterol results in the blood. It is realized that this 
suggestion has several pitfalls, but at the same time it is 
based on what is actually known of the role of vitamin B5 in 
metabolism. 
0 
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Suggestions for Further Work 
1. The relationship of SGO-T activity to growth is of 
interest. Although it may appear to be academic in nature, 
it could have definite practical implications not only in 
nutrition but also in breeding work. Since we realize the 
limitations of the clinical procedure used in SGO-T activity 
determinations, it is proposed that several procedures be 
evaluated. 
2. On the basis of previous reports and observations 
made in this study, it is felt that the effects of vitamin B6 
deficiency on the blood picture in, the chick needs to be 
studied in detail. This work would involve various hematologi­
cal determinations. 
3. The problem of gizzard erosion in relation to vitamin 
nutrition is not completely resolved. Although this prob­
lem may seem to have little economic value in poultry produc­
tion, it is of importance from an academic standpoint and may 
have certain implications in the medical field. 
4. From a biochemical standpoint, the idea of species 
differences in tryptophan metabolism does not seem very ac­
ceptable. There are probably reasons for the differences in 
results obtained with variations concerning the presence of 
xanthurenic acid in urine of different species subjected to 
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vitamin B5 deficiency. The problem is to demonstrate, if 
possible, the presence of xanthurenic acid in urine of vita­
min deficient chickens. 
5. The mechanism by which vitamin affects cholesterol 
metabolism is still open for further investigations. Effec­
tive research studies in this regard should involve radio­
active isotopes. 
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Human beings possess a capacity 
which is entirely peculiar to them— 
the capacity to summarize the ex­
perience of the past. 
Alfred Korzybski 
SUMMARY 
Six experiments have been reported involving 1002 chicks 
and dealing with the effects of vitamin B& on selected aspects 
of metabolism in this animal. The first two experiments were 
designed to estimate the vitamin B5 requirement of the chick. 
Criteria used were weight gain, feed efficiency, serum glu-
tamic-oxalacetic transaminase (SGO-T) activity, occurrence of 
gross clinical symptoms of deficiency and the examination of 
histological sections of liver, gizzard and adrenal glands. 
The levels of vitamin B5 studied in those two experiments were 
0.5, 1.0, 1.5, 2.0, 2.5 and 4.5 mg of vitamin per pound of 
feed. The form of vitamin B5 added was crystalline pyridoxine 
hydrochloride. 
One-day old chicks placed on à vitamin B^-deficient diet 
(0.5 mg per pound of ration) were found in those two experi­
ments to show retarded growth at the end of the first week. 
Gross clinical symptoms, which began to appear at about eight 
days of age, were characterized by hyperexcitability, decreased 
appetite, extreme weakness, ruffled feathering, convulsions 
and death. Pathological findings revealed hemorrhages on 
various parts of the body. These were most striking around 
162 
follicles of the wing feathers. 
Vitamin deficiency increased the incidence of gizzard 
erosion. Erosions varied in severity and were in most cases 
accompanied by hemorrhages. Histopathological manifestations 
of eroded gizzards consisted of extreme dilatation of the glands 
of the tunica propria with the cells lining these glands be­
ing almost squamous in nature, flattened and no longer cuboid-
al. 
The lowest level of vitamin B& studied in those two ex­
periments which produced good growth and feed efficiency was 
1.0 mg per pound of feed. SGO-T activity was significantly 
depressed when chicks were fed 0.5 mg of vitamin per pound 
of feed and was not significantly affected by adding differ­
ent levels of vitamin B^ above 1.0 mg per pound of feed. A 
highly significant correlation was obtained between body weight 
at 4 weeks and SGO-T activity at that age. Growth was found 
to be a more sensitive criterion than was SGO-T activity for 
investigations of vitamin B5 nutrition in the chick. 
The second two experiments (III and IV) were designed to 
study the influence of breed on the vitamin B^ requirement of 
the chick. Single Comb White Leghorns, Rhode Island Red and 
Vantress X Arbor Acre chicks were used and the criteria em­
ployed were the same as those listed above for Experiments I 
and II except no histological studies were made in this case. 
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The levels of vitamin B5 studied here were 0.6, 0.8, 1.0, 
1.2, 1.6 and 2.0 mg of vitamin per pound of feed. 
For the three different breeds studied, 1.0 to 1.2 mg 
of vitamin per pound of feed was found to be adequate for 
optimum growth and feed efficiency. No significant differ­
ences in the requirement of vitamin B6 for growth and feed 
efficiency were obtained for the three breeds studied. Dif­
ferences in SGO-T activity among breeds were significant. 
SGO-T activity of Single Comb White Leghorns is less affected 
by low levels of vitamin B^ in the diet than is true in the 
other two breeds. 
The last two experiments (V and VI) were designed to 
study the interrelationships of vitamin B^ to cholesterol 
metabolism. In Experiment V, diets adequate or deficient in 
vitamin B^, with or without one percent nicotinic acid and 
fat-free or with four percent soybean oil were used to study 
weight gains, feed efficiency, serum cholesterol, aorta weight 
and cholesterol, heart weight, total heart lipids and choles­
terol, liver weight, and total liver lipids and cholesterol. 
Experiment VI was designed to study effects of hypo- and hyper-
vitaminosis B$ on the same criteria as those studied in Ex­
periment V plus SGO-T activity determinations at 2 and 4 weeks 
of age. 
The addition of 4 percent soybean oil to vitamin B^-
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deficient and vitamin B^-adequate diets gave an improvement 
in growth in both cases when compared to identical diets 
without added soybean oil» One percent nicotinic acid added 
to a semi-purified diet did not influence growth significant­
ly. A depression in growth was observed when one percent 
nicotinic acid was added to a vitamin B^-adequate fat-free 
diet. Growth was not affected by the addition of 20.0 mg of 
vitamin B^ per pound of feed. 
Serum cholesterol was significantly higher in chicks 
fed vitamin B^-deficient diets than in those receiving diets 
with adequate vitamin B^. Adding up to 20.0 mg of vitamin 
B6 per pound of feed did not significantly affect serum 
cholesterol levels, when compared to those fed adequate vita­
min B6. 
Aortas of chicks fed vitamin B$-deficient diets weighed 
significantly more, expressed in mg per 100 grams of body 
weight, than those from chicks fed adequate vitamin B6. Simi­
larly, vitamin B^-deficient chicks had somewhat higher choles­
terol content in the aorta than those receiving adequate 
vitamin B^. The differences, however, were not statistically 
significant. 
Neither heart weights nor liver weights were signifi­
cantly affected by any of the dietary treatments used in 
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Experiments V and VI, although heart weights were lowest in 
groups fed vitamin -deficient diets. 
Total lipid and cholesterol content of heart tissue were 
higher in chicks fed adequate vitamin B^ diets than in tfxose 
fed vitamin B&-deficient diets. The differences were statis­
tically significant in Experiment V, but failed to attain 
significance in Experiment VI. Vitamin B^ deficiency had no 
significant effect on total lipid and cholesterol content of 
liver tissue. The addition of 4 percent soybean oil to a 
semi-purified diet, however, resulted in significantly lower 
lipid and cholesterol content of liver tissue. 
The relationships of vitamin B& deficiency, nicotinic 
acid and the essential fatty acids to cholesterol metabolism 
have been discussed. 
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Table 24. Analyses of variance of chick weight, feed ef­
ficiency and SGO-T activity--Experiment I 
Source of 
variation d.f. 
4-week 
chick 
weight 
M.S. 
SGO-T 
activi­
ty 
M.S. 
d. f. 
Feed ef­
ficiency 
M.S. 
Replication 1 29 29 1 0.0005 
Treatments 4 42,100** 2,701** 3 0.0147 
Error 4 . 182 64 . 3 0.0033 
9 7 
^^Significant at 0.01 level of probability. 
Table 25. Analyses of variance of chick weight, feed ef­
ficiency^ SGO-T activity, spleen weights and liver 
weights--Experiment II 
4-week Feed SGO-T 
Source of chick effi­ activi­ Spleen Liver 
variation d. f. weight ciency ty weight weight 
M.S. M.S. M.S. M.S. M.S. 
Replication 1 741 0.0001 15 57 0.0338 
Treatments 3 148 0.0016 324 5& 0.0234 
Error . 3 619 0.0017 248 286 0.1227 
184 
Table 26. Analyses of variance of chick weight and feed 
efficiency—Experiment III 
Source of variation d.f. 4-week chick weight Feed efficiency 
M.S. M.S. 
Blocks 1 11 0.0005 
Vitamin Bg levels 3 41,256** 0.0439 
Breeds 2 7,945** 0.4090** 
Vitamin B& level X 
Breed 
6 327 0.0146 
Error 11 252 0.0057 
•^Significant ; at 0.01 level of probability. 
Table 27. Analyses of variance of chick weight, feed ef­
ficiency and SGO-T activity—Experiment IV 
Source of variation d.f. 4-week chick 
weight 
M.S. 
Feed ef­
ficiency 
M.S. 
SGO-T ac­
tivity 
M.S. 
Blocks 1 330 0.0662 210 
Vitamin B^ levels 3 55,076** 0.0162 3743* 
Breeds 2 42,148** 0.4985** 386 
Vitamin B, level X 
breed 
6 1,246** 0.0449 534 
Error 11 178 0.0248 192 
^Significant at 0.05 level of probability. 
^Significant at 0.01 level of probability. 
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Table 28. Analyses of variance of chick weight, feed ef­
ficiency and serum cholesterol-rExperiment V 
Source of d.f. Chick wt. Feed ef- Serum cholesterol 
variation M.S. ficiency 2-week 4-week 
M.S. M.S. M.S. 
Blocks 1 3,814 1.640 1,661 961 
Pyridoxine(P) 1 212,752** 5.240** 48,510** 7,656* 
Soybean oil(S) 1 7,526** 0.030 431 2,550 
Niacin(N) 1 218 0.002 189 6 
P X S 1 3,220 0.000 1,173 196 
P X N 1 1,072 0.064 28 1,444 
S X N 1 1,350 0.008 689 1,369 
P X S X N 1 - 1,661 0.036 6,562* 8,498* 
Error 7 581 0.140 669 976 
15 
^Significant at 0.05 level of probability. 
^^Significant at 0.01 level of probability. 
Table 29. Analyses of variance of tissue cholesterol—Ex­
periment V . 
Cholesterol 
Source of Aorta Heart Liver 
variation d.f. M.S. M.S. M.S. 
Blocks 1 210 0. 38 1. 69 
Pyridoxine(P) 1 6, 806 10. 38** 3. 63 
Soybean oil(S) 1 •1, 640 0. 45 10. 60* 
Niacin(N) 1 8, 742 0. 01 0. 21 
P X S 1 1, 024 0. 58 4. 32 
P X N 1 0 0. 01 2. 34 
S X N 1 4 0. 02 0. 43 
P X S X N  1  1 ,123 0. 15 0. 58 
Error 7 3, 092 0. 36 0. 89 
15 
^Significant at 0.05 level of probability. 
^Significant at 0.01 level of probability. 
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Table 30. Analyses of variance of organ weights and tissue 
lipids of Experiment V 
Source of Aorta Heart Liver Heart Liver 
variation d.f. weight weight weight lipid lipid 
M.S. M.S. M.S. M.S. M.S. 
Blocks 1 0. 25 . O. 62 0. 176 0. 05 2. 48 
Pyridoxine(P) 1 145. 20** 1870. 00* 0. 326 1051. 38** 67. 6 5* 
Soybean oil(S) 1 12. 60* 495. 00 0. 946 0. 01 93 ,60** 
Niacin(N) 1 0. 20 517. 00 0. 176 0. 01 1 .50 
P X S 1 1. ,96 0. 75 0. 055 16. 61 2 .03 
P X N 1 0. 04 53. 00 0. 770 2. 90 1 .62 
S X N 1 7 ,29 390. 75 0. 146 2. 64 19 .14* 
P X S X N 1 1. 39 115. 00 0. 046 4. 26 0 .40 
Error 7 1 .57 143. 41 0. 247 7. 80 2 .40 
15 
^Significant at 0.05 level of probability. 
^Significant at 0.01 level of probability. 
Table 31. Analyses of variance of chick weight, feed ef­
ficiency and SGO-T activity—Experiment VI 
Source of 
variation d.f. 
Chick 
weight 
M.S. 
Feed ef­
ficiency 
M.S. 
SGO-T activity 
(2 and 4 wk deter­
minations) 
M.S. 
Vitamin Bg 
levels 2 49,833** 4.44** 3385** 
Pens having 
same level 6 180 0.35 112 
8 
^Significant at 0.01 level of probability. 
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Table 32. Analyses of variance of tissue cholesterol— 
Experiment VI 
Source of Cholesterol 
variation d. *• Aorta 
M.S. 
Heart 
' M.S. 
Liver 
M.S. 
Serum (2 and 4 
wk determinations) 
M.S. 
Vitamin B6 level 2 2,852 4.12 5.28 8,839** 
Pens having same 6 2,720 1.75 10.07 208 
level 
8 
**Significant at 0.01 level of probability. 
Table 33. Analyses of variance of organ weights and tissue 
lipids—Experiment VI 
Source of Aorta Heart Liver Heart Liver 
variation d.f. weight weight weight lipid lipid 
M.S. M.S. M.S. M.S. M.S. 
Vitamin 
level 2 10.45** 222.6 0.0224 32.83 2.42 
Pens having 
same level 6 0.25 107.2 0.0928 23.59 3.16 
8 
^^Significant at 0.01 level of probability. 
